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CHAPTER I * 
BASlr CONCEPTS 



SECTION 1 - LENGTH AND TIME ^ 

Length ofTdistance is measured in terms of an arbitrarily defined SI* 
unit called the meter (m). One metex was originally defined -to be 
1/10,000,000 of the distance between th^ North Pole land the Equator, 
measured along a parallel of longitude through Paris, 'France. More re- 
cently, the meter has been defined in teAis of the basic properties of " 
the wavelength of lights : ^ . 

1 meter = 100 centimeters (cm) 

= 1000 millimeters/dtan) 

= 0.001 kilometers (km) 

= 3.281 feet (ft) 

=^1.094 yard (yd> 

=^ 39.370 inches (in) 
and^ . / 5280 f t = 1 mile (mi) 

^Ime is measured Ui terms of an arbitrarily defined SI unit called the 
sAr^Qnt^. (s) . One second was originally defined as 1/86,400 of a mean solar ~ 
day. It is now definedr-iSi terms of the vibration frequency of the nucleons 
within a particular atomic nucleuST^ . ^ ' 



LABORATORY 



\ 

V 



The student^hould be able to use \}i^ious length measuring devices (ruler, 
meter stick^veriiier caliper, micrometer caliper, cathetometer * measuring 
microscope, etc.) and thus measure distances, areas, and volumes. 

When making calculations, it is importSEmt to consider significant figures . 
A significant figure is defined as one that is known to be reasoneUdly 
trustworthy. One and only one estiinated or doubtful figure is retained 
and regarded as significant in reading a physical measurement. A useful, 
but very rough, rule states that in multiplication and division the result 
should have as m£my significant* figures as the least accurate of the factors 
- All integer data (e.g., 5 s, 4 m, 40 days, 100 years,^ 4000 miles, etc.) 
will be considered to^have 3 significant figures unless otherwise stated. 

WORKED EXAMPLES . ' - , ' 



V 



1. The length of a football field is 100.0 yards; Express this length 
in meters. . . 

100. 0 yd « (100.0 yd) ( ^ ^ = 91.41 m 




^ JI is the International System of units which is the preferred system of tanits 
CI\lv>for scientific measurement. 
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2. One of the Olympic track events is the 100-0 meter dash. Express 
this distance in feet. ' • ' 

3 281 ft ' 
100.0 meters « (100.0 m) (- ■ ^ ) ='328.1 ft 

' \ 

3. The distance between St. Louis, Missouri and Chicago, Illinois is 
about 300 miles. Express this distance in kilometers. 

. . . /5280 ft, , 1 m . 0.001 km 
300 mx = (300 mD (--^ ) ( 3,^81 ft^ < 1 m ' 

= 483 km 



STUDENT PROBLEMS 

1. The distance betwe^ the sun and the earth is about 93,000,000 miles, 
*. - Express this distance in kilometers. 

(1.50 X 10® km) 



The diameter of a typical carnival ferris wheel is 10-0 meters. 
How far (in f^et) will a rider travel in one revolution of tlte fcrris 
wheel? HINT ; , The circumference of a circle of diameter D is nD. 

(103 ft) 

3. An "Olympic sized" swimming pool is at least 25.0 meters long. 
Many American po8*s are 35.0 yards long. Which pool is longer? By 
how much? 

^ (Olynqpic sized, 2.35 yd) 

4. ' An American made autcnnobile^ typically has a speedometer with a range 

of 0 to 120 n5>h. In the not too distant future the United States 
will probably convert to the metric system and speedometers will be 
calibrated in kilometers per hour. What range of numbers will then 
appear on the speedometer scale? 

(0 to 193 kmAr) 

SECTION 2 - MASS AND WEIGOT 

Mass may be thought of as a quantitative measure of €he ' resistance of 
a body to a change in' its' state of- motion. For exaitple, a more massive 
body is more difficult to start from rest or bring to a stop than is a* 
less massive body (frictional effects are igncired). 



-3- 



In the metric system mass is measured in an arbitrarily defined SI unit ' 
called the kilogram Jkg) where 



1 kilogram (kg) = 1000 grams (g) 

In the English system mass is measured in slugs (si) 

Mass may also be thought of as a measure of the quantity of material 
in a body, * 

Weight measures the pull of gravity on an object. 

In the metric system weight is measured in a nnlj- nA^T^H the newton (N) 

Weight in newtons (on earth) =(9, 8) (massN^p }cg^) 
Thus, 1 kilogram weighs (on earth) 9.8 Newtons. 

In^the English system weight is measured m pounds (lb); 16 ounces (02)= 1 lb. 
Weight' in pounds (on earth) = (32) (mass in si) 

A useful conversion factor is j 

1 lb = 4.45 N 

Mass should not be confused with weight. Mass and weight are proportional 
to each other but mass and weight measure two basically different quanti- 
ties . For exan^le, on earth a mciss of 1 kg weighs about 2.2 pounds. 
Similarly, a mass of 2 kg weighs about 4.4 pounds. These same masses 
would have different weights if they were taken to the moon or any other 
celestial body with a different size and/or conposition than the earth. 

Mass is a more fundamental quantity them weight since the mass of an ob- 
ject>is independent of its location. Weight, on the other hamd, varies 
with location. For exan^le, the weight of a person on the moon is only 
about 1/6 of his weight on the earth but his mass is the same. ' - i 
A "150 lb e art hman** weighs only about 25 lb bn the moon. 'j 

Mass may also be defined operationally . If two isolated objects are madi^ 
to interact with each other (for example, two g3.iders on a level air 
track are tied together by a compressed spring which is subsequently re- 
leased) and as a result of the interaction object #1 travels a distance 
of Sj^, while object #2 travels a distance of S2# then, by definition 

S- ^ m_ 

1 _ ntass 2 _ _2 

s^ mass 1 ' m^ 



For example, if as a result of^ an interaction one object travels 

40 cm while the second object travels 15 cm the ratio of mass #2 to mass 

#1 is (40 cmVdS cm), or 2-67. 

♦ 

If c4)ject-#l is chosen to be equal to, one unit of mass, then 

(mass #2) = m. = — (mass #1) = — (1 mass unit) =' — - 

- 2 , s^ . s^ . 

/ 

For example, if in the above exan^le mass #1 is 1 kg, then m^ = 2.67 kg. 



LABORATORY 



The student should be able to use various types of balances (spring 
balance, double pan balance, bathroom scale, substitutibn type balance, 
etc.) and thus measure a range of masses (several kilograms to 10 
10 ^ grams) . , 

/ ' 

Alsfe, using a device such as the air track, the studejit should be able [ 
to operationally define and measure mass. - 



WORKED EXAMPLES ^ 

1. In a grocery store meat is sold by the pound (one pound is the 
startdard weight of a certain mass). A shoppfer purchases ^a 5 
pound roast. Suppose the scale were calibrated in kilograms. What 
reading would appear on the grocer's scale? 

1 kg 



5 lb -(5 lb) ( 2.2 lb ^ " ^'^ 



(NOTE ; Strictly speaking 1 kg 2.2 lb, but 1 kg wei ghs 2.2 lb. ) 
•2. A typical adult 'female weighs 110 lb* Express this weight in newtons. 
110 lb = (110 lb) (277^) > = 490 N 

=,4.9 X 10^ N 

3. What is the weight of a 40 kg mass on earth? 

W = (40 kg) (%^) « 390 N * 3.9 x 10^ N 
kg 



STUDENT PROBLEMS 

1. In an atten^t to measure the unknown mass of an air track glider 
by halving it interact with a standard 0.25 kg glider on a level 
air track the following data was recorded: q 
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distance moved by standard glider = 40 cm 
distance moved by unknown mass = 18 cm 

Find the mass of the unknown glider. ' > 

2. The weight of a certain gerson i;s 150 lb. Find this mass iisf kilo- 
' grams . ' '\ 

1 ' ■ • 

- . ■ . (68 kg) I 

3. A can of pears weighs 12 3/4 ounces. Express this weight in newti«ji\is. 

I (3.6' N) • I 

SECTION 3 - MEASUREMENT AND ERROt:; ACCURACY; PRECISION V' 



./henever you make a measurement, there are certain errors in the measure- 
-ments. 

A) Systematic Error . These error:^|^e produced by k ribwn defects in the 
measuring instruments or their use. They can be eliminated from the 
final results of measurements. 

/ 

B) Random Errors arise from totally unpredictable sources and cannot be 
eliminated. However, their effect on the final results of measurements 
can be minimized. 

The-- Arithmetic Mean of a Set of measurements m , m^ m^ m , ....m^ of 
€he same qucmtity is given by \ « ^ 

ARITHMETIC MEAN = sui" of readings 

number of readings 

i=l 



= m 

For example, ii a length is measured 7 times and 'the results (in cmj 
are 4.52, 4.64, 4.72, 4.54, 4.63, 4.57 and 4.59 the arithmetic mean is 

- 4.52 4.64 4.12 4.54 4.63 + )}.57 + 4.59 

m = — ^ f- 1 cm 

32.21 ^ \ 
= — r — = 4.60 cm ' \ 



The abapliite deviation from the mean of an individual reading 
'xs the absolute value of the difference between the reading and the 
mean value in of the set of readings. , , , 

• ' ' / 

For example, for the data above, th^^solute devialjions from the meffin 
are(0.08, 0-04, 0.12, 0.06, 0.03, 0.03 and^.S^ cm, respectively- / 

4 

TH|5 average absolute deviation, is defined by " / 

— sdir of absolute deviations from the jaean 



d = 



niunber of readings 



For ex^pie, for the allpve set of readings 

T \ 



- 0.08 + O.C4\+ 0.12 -tC.06 + 0.03 + (|.03 Ht'O.OI ^ 



0.37 

= — ^cm ^. • ; 

\ = 0.05 df ^ * ! / 



The uncertainty in a set of measurements is usu^llly considered to be ±d. 

' " i ^ 

For example., for the above ^et of data the uncertainty is ±0.05 cm. 

\ - / ■ * 

Tlie measured value of a quantity is usually Vested as 

in ± d / ! 

This means that the "true value" probably |ies in the range defined by 
(m - cT) and (m + d) . 

For example, in the data used above the results of the measurement would 
be recorded as \ 

(4.60 0.05) cm 

This means that the "true reading '\ proi)^ly lies in the range 4.55 to 
4.65 cm- \ ■ . 

The results of different sets of measurements of the same quantity or 
of sets of measurements of different quantities are considered to be 
identical if the ranges defined by iS i d overlap. ^ 



\ 



For exan^jle, if the speed o€^a car were*'ineasure4 on 3 separate occasions 
and the results w^e (2.50 t 0.03) m/s; (2.56 ±,0.0.1) to/s and (2.45 + 0.05) 
m/s, one might Isay \jiat .the results of t;he first? and third measurements we^re 
identical since the rainges jiefined by (m ± \incertainty) overlap. Thf/ ^ 
range indicated in the second measurement does not overlap either of the ^ 
other two -ranges; h^nce, the Second measurement is signiflcemtly different 
than the 'Other two measureiQants. [ [ I ^ 

The precis j,<tfi of set cf measurements refers to the -size of the uncer- 
tainty. ^ A^toll> uncertainty ' indicates ^ precise measurement . Precision 
Impliei^ repe J^t aJ5i li Vy . ' 

For^Kample, seos^d speed measurement above is' the most precisely 
deteniiined valu6. ^ 

. If al^ measurements. ere aliR^ one-half of the smallest scale division on 
the insWumerit is't^^ uncertainty. This is a|.so the minpiuro uncertainty 
fojr any measurement. 

Accuracy refers to the^correctness of a measurement. A measurement may 
bfe precise but inaccurate. For example, a precise measuiemejit ma'^^e- 
made on an instrument which has a Systematic ^rror (e^g., a ^non-zeroed" 
scale). An accurat:e measuring device is one whigh gives the s^e results^ 
as an instrument which is correctly calibrated against a standaurd. 



LABORATORY 



The student should be able to a^ply the "above techniques* to the determina- ^ 
tion of the "best values" c? a variety of. experimentally determined quanti- 
ties. For example,, 

A 

\ Value of a resistance 

Diameter of a c^linfier . , \ 

Mass of a typical penny , \ 

Speed of a glider in a given environment on an air track 
Average velocity of a falling' \xpdy 

etc* ^ ' , . 



WORKED gXAMPLES 

1., Repeated measurements of acceleration of a falling body yield 
( the following results: 9.75, 9.73, 9.84,-9.^7, 9.99, 9.90, 9.69, 
9.79, 9.85 and 9.80 m/s^. Find m, ff." 



« 


. -8- 

1 










If, /D 


0,07 




0,09 




• ' 0*02 




0-OS. 




0-17 




0,03 


9,69 / 


0,13 




Q.03 


9.8& 


' 0,03 


y • oo 






lo|o,69' 




^ - 0,07 


is (9.92 ± 0. 


07) m/s^. 



Therefoi^, '-result is 

According- €he -Life Insurance Statistics ♦-.he' "normal life 
expectanpy" for * white female bom in the United States today 
slVt^ljl? • ^''^^^^y "-^"t by tMs 

It is really somewhat hard to interpret this statenvjnt. What it 
S^TJt " ^uf"" t^' f^' ""^'^^ in t^e united 

rdt"? ^^^^f ^"'^^^^ ""'^^ ^he present sociWl 

and medical condition^ then the average age at death would be 74-75 
yeiHTfi-, ' •> ^ c ' 

Ti^ t; L ?4-75 "^^^^^^^ "average" one will 

The statement above says nothing about the uncertainty in th^ 74-75 

fs well'..^^ "^^^U °' "^"^ ^y^"^ of 70-80 

tLTl ' ^^'^^ numbers woiiid die of various child- 

Wd ^?rT ^ ^;'»P""ti9ns Of qhildbirth and large numbers 
would. ixve beyond 80 year» could both lead to the 74-75 average. 

i!^^nt:„f ^ statement above ^s' incomplete and, therefore, somewhat 
meaningless. It isa ^ example of the misuse of statistical cjata. 

How could the above statement be imp*ved? 



. s 



-9- 



STUDENT PROBLEMS ' , 

, Pi^rtrical resistors are sometimes labeled as 1%, 5%,,-10% or 20% 

risfstors Tat do you thiftk this terminology means? In particular, 
' -^"Uin tMs terminology as it applies to a 10%. 500 ohm resistor. 

^ (refers to uncertainty; 

. (500 ± 50) ohmsl , ^ 

2". The "normal score" on an "IQ" test is in the range 90-110. What is 
meant by^ a "normal score*'? 

H4r« -incznr;*nre Dolicv he is essentially betting 
T.:ZZVr.:Ji\T^^^^^^^ th^ c-pany has collected enough 
■ ^ ^iney f^om him to offset the loss it incurs when he dies Discuss 
• general way how the insurance company sets the rates for its 

various life insurance policies. 

' ...peatea ^a.u«M^. of the ti»e fall o, . freely JaUi-^^;"' 

• Zt^'i^"^. V-"^: - 

and 3. ■ r . j4_g0 s; 0.11 s) 



cv'^r n^ A - BASIC ELECTR ICAL CONCEPTS* i - - 

• charges^ of different types attract each other. 

• -,THe Unit -of -electrical charge is the coulomb (C) . ' 

, -current Refers to a, flow of electrically charged partic^ 

-case^ of^ interest this flow is r^_stricted to a wire. "^^^ 
• charged particles called- electfrc^s flow in the wire 1^/^^^^/^°^ 

• i^n one ^i-^tion spea, of ^^^^-^E^^^ , 
- . periodically reverses itself, first iiowiny w.. r 

: ' ' way, we speak" of ^ tPrnatfing current (AC) . 



.This material, is presented here for reference P\^°-^ -/^nlji^^^.r^e'' 
be con3id.red,.as par. «°rcha;trr1v - ™tu "and Jeat - 

quite useful to help students understand Chapter IV T^^^PL^^^ig^r) is related 
wher-^ much^of the material/ (laboratory measurements, i:> particular) 

to- electrical concepts. . *• ' , 
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Current is liWasured ijx- afllBferes (A). If 1 coulomb of electric charge 
passes a point Jj^k^T second,we say that the current is 1 ampere - i.e., 

1 A = l^C/ar^^ ^ 

A meter us^ to^measure current is called an ammeter . The electrical 
symbol for a DC ammeter is . 



-19 

The electron-^s a charge of 1.6.x 10 . €. Hence, one ampere means that 

6.25 X 10^® electrons i^low past a point each second when the current is 1 i.Mnp# 

Electric circuits are cpmbinations of devices through which an electric 
current flowis. For a steady current to flow the circuit must provfae^ a 
path(s) which is(are) complete (i.e., closed). 

The Potential Difference (Voltage) V between 2 points in a circuit is^^ ^ 
measured by the work W (in p^^es) required to move a unit positive phargfe 
from one point to the other. ^ 

Voltage is measured in volts (V) . If. one joule of work is needed to lliove 
1 coulomb of charge between two points in^ a circuit ^we say that the poten- 
i:ial difference between these two points is 1 volt. That is, 1 V = 1 J/C. 

^« ^ 

If a charge Q moves between 2 points in a circuit" that differ in potential 
by V volts^then the work W done by the charge 0 'j.n ^moving from the higher 
to the lower potential point is W = QV. 

A meter used to measure voltage is called a voltmeter . The electrical 
symbol for a DC voltmeter is 



Electromotive Force (EMF ) is a term which describes a device which does 
work on the charged particles moving through it. A battery or a genera- 
tor are examples of sources of EMF. In moving through a source of EMF a 
positively charged particle picks up electrical energy as it goes from 
the lower to the higher potential side of the source of EMF. EMF is mea- 
sured in volts. The EJC* is measured between the terminals of the device 
when it is delivering no current. 

For example, an ordinary "D-cell" used JLn flashlights hap an EMF of 
1.5 V. - ^ . 

EMF's deliver currents to external cirauits connected t'o them. The electri- 
cal symbol for a battery is ^ * and for a DC generator is 



..J 
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The resistaitce R of a conductor measures the impedinq effect vt has on 
a current passing through it. Resistance is measured n ohms (i2) . An 
ohm is defirvsd a- the resistance of a conductor which will carry 1 ampere 
when the ends of the coriductor differ in potential by 1 volt. That xs, 

1 = 1 V/A 

Resistance also depends upon the length I (in meters) , cross-sectional 
area A (in m^X, material and temperature of the conductor: 

i ' 
y R = p -- 



wh«re P- IS the resisti ^ity - a characteristic of the material. P is 
measured in nm. Resistivity is a function of temperature. 

Tiie symbol for resistance is ^ 

. \ ' I. 
Ohm^s Law a relationship -holding for most metallic conductors: 

This relationship can be applied to any part of a circuit or to the en- 
tire circuit. * 

Fo^ example, if a voltage of 5 V is applied to a 10 Q resistor, the cur- 
^rent will be I = V/R = 5 V/10 ^ = 0.500 A. 

Resistance can be measured by using an ammeter and a voltmeter, connected 
as follows: +/^- 

—Kir 



1 



Be careful' to observe polarities when connecting meters, /rhe key is 
merely a: de^ce for turning the current off and on. / 

Voltages across a resistor are called voltage drops (IR drops ) , usii.g 
the convention that current goes through a 'resistor froit, the high poten- 
tial end to the low potential end. , . 
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In a series circuit all of the current flows through each resistor 
successively. The current in all of the resistors is identical and the 
total pote ntial difference across resistors connected in series is equal 
to the' aiftn of the potential differences across the separate resistors . 
The total equivalent resistance R of a series combination Rj^ / ^3' • • • 

R = + R^ + R3 + . • • 4 

For exait?)le, for 3 resistors - 3 SQ, SQ - connected in series 
R = (3-,f ^ + 8)fi = 16.0 n. 

A typical series circuit, using these resistors, might be the following: 

3 n 5 Q -e n 

12 V.,- 



In a parallel circuit the current can follow two or more separate paths 
The total current through the parallel combination is equal to the sum df 
the separate currents in the individual branches of the combination. The^ 
voltage is the same across each of the branches. The total equivalent 
resistance R of a parallel combination R^, R^'i R^* is 

R Rj^ Rj R3 

For example, for 3 resistors - 3 il, 5 n, 8 ^ - connected in parallel 
1 1 1 .1 40 + 24 + 15 79 



i--+i-+^ 

3 n 5 n en 



R = 



120 n 
120 n 



79 



= 1.52 n 



120 n 



A typical parallel circuit, using these resistors, might be 

3 n 



± 



8 il 
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Elect ricat Energy U is measured in joules (J) and kilowatt-hours (kW-hr) . 

1 kW-hr = 3.6 x 10^ J. For a DC-circuit (and certain AC circuits) obeying . 

Ohm's Law *\ 

2 . v2 
U « IVt = I Rt » — t 

For example, if a current of. 5 A flows through a 10 Q resistor for 5 
iBinutes. the electrical energy developed is U = I^Ri" = (5 A) 1(?0 fJ) (300 s, 
\7.50 X 10^ J - (7. SO X 10^ J) (1 kW-hr/3.6 x 10^ J) = 0.208 kW-hr. 

Electrical Power P ic*:>electrical (energy/time) and i^s measured in watts (W) 
and kilowatts (kW) ; 1 kW « 1000 W. In a DC-circuit (and in some AC cir- 
cuits) for which Ohm's Law is, valid 

\ 2 ' " 

\ P = IV=i2r = - 

For exajt^le, if a direct current of 5 A flows through a 10 resistor, the 
electrical power developed is P = i2r^ (5 A) -^(10 fl) = 250 W. 

Also, 1 watt = 1 joule/second or I W = 1 J/s. 

in various electric circuits electrical ene^gy^is converted into heat ^ 
(toaster, iron, space heater, etc.), sound (loud's^eaker^ in stereos, TV s, 
etc.), motion (various kinds of motors), light (incandestexit lamp) . 



LABORATORY 



Given a circuit diagram, a battery, connecting wires , resistances, ammeter, 
voltmeter, timer, etc., the studeht should be able to hook up the circuit 
and measure the various electrical quantities - current, voltage, power, 
energy, - applicable to all parts of the circuit. 



SOL\fED PROBLEMS 

1. Find the current in the circuit below. Also, find the electrical 
energy consumed by the circuit in one hour. 




■T 




IS 



btal itesistdnce R of this series circiiit is 



R = R, + + R. » 4 n + 6 n + 10 n « 20.0 n 
X «• J 



Therefore, the curi:ent flowing is 



V 12 V r 



J 



The electrical energy U consumed is 



U = Pt = IVt = i^Rt = ^ t 



IVt = (0.600 A) (12 VJ (3600 s) « 2.59 x 1 



i^Rt =^(0.'600'A)^(20 «) (3600 s) = 2.59 x 10 

\ 



3.6 X 10 J 



= 0.0072 kW-hr 

Find the /current in the circuit below. 'Also, find thb electrical 
energy-consumed by. the 10 0 resiStor in one hour. \ 

/ ^1 «■ 4 ft 

r-V\A/^ 1* 

«2 f 6 . ' 



12 V 



^3 «■ 10 



The total resistance R of the ciWcdit is 



R R, R^ R^ 4 Q 6 « \lO n * 60 ft 60 

1 2 3 . » 



R « .|2.. Q « 1.94 Q 
31 

. V 12'V . . . 
I = — — TT^ = 6.20 A 
R 1.94 £1 



\ 



The 10 ft resistor has 12 V across, it (as do the 4 ft and 6 ft resis 
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.U ^ p. = i_t = f^i^-^) (3600 s) -= (1.44 X lo'^ kW) (1 hr) 
" R 10 ft 



= 1.4^ X 10"^ kW-hr 



= 5.2 X 10 J 



In the circuit below, find the current in the 8 Q resistor and the 
X>ower consumed by the lo ^ resistor, j^q „ 



= 8 n 




12 V _ 



12 fi » 



.5 fi « R. 



The resistance of the parallel combination is 



1 l^ 




12 ft 15 ft 



4 ft = 4.00 ft 



12 -»■ 10 + 8 _ 30 

120 ft ^ 120 ft 



The total resistance R of the circuit is 



R=8fi + 4f;^ = 12.0fi 



The current I delivered by the battery is 



12 V 
12 Q 



= 1^00 A 



l.OOAflo^s through the 8 Q resij^tor. Hence the. potential 
across this resistor' is 

4 / 

(1.00 A) (8.00 = 8.00 V ^ ' . ' 



drop 



^Therefore, the voltage across the 10 ^ resistor is (12 - 8)V = 4.00 V 
and the j^ower P used by this resistor is 

♦ (4 V)2 



-16- 



STUDENT PROBLEMS 

1. What resistance must be placed in parallel with a 30 Q resistor in 
order to reduce the combined resi stanc e 10 

(15.0 ^) 

2. Conipute the resistance of 500 m of copper wire (resistivity is« 
1.8 X lo"® nm)ha^^\ng /a cross-section of 0.30 mm • 

(30 Q) < 

/ 

3. For the circuit below find all of the currents and voltage drops. 

/ How much electricAl energy is consumed by the circuit in 30 minutes? 



12 v" 



6 n 



8 n 



12 12. 3 



18 n 



.» ( I = 0.417 A 
I I2 = 0.250 A 

13= 0.167 A V." 
Voltage across R = 2;50 V 
' - - Across (R, + 1*3)= 2.00 V 3 

Across = 7.50 V ; 9.0 x 10 J) 

' V " ■■ ' 

4. A 5 f2 electric heater operates on a 110 V line. Find the rate at 

which heat is developed. . 3 "T 

■ (2.42 X 10 W) 




|ERJC: 



2^ 
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CHAJPTER II 

♦ 

TRANSLATIONAL MOTION 



SECTION 1 - DISTANCE • 

The position P of an object in space can be specified in terms of its 
X-, Y- and Z- ftoordinates: (X,Y,Z). 

For example, the positicMi of Point P in the XY plane, as shown below, 
could be specified as (3,4); i.e., 3. units right of 0 on X and 4 units 

above 0 on Y. • • 

Y 



6 • • 



P"(3.4)- 



I 

I I * 



\ 

0 • 1 2 3 
\ Fig. (1) 



A 

i 



r 



The distance s between two pointis (X^, Y^, Z^j^and^CX^j Z^) is 
given by 



Fo.r' example , if an object P iwjves along a straight line from point 
(i?',2,3) to point (4,3,7), the' total distance s traveled is | 



= y/i4'l)^ + (3-2)^ + (7-3)^ 



= 5.10 



'ErJc 



GRAPHICAL REPRESENTATION 

The position of an object may or may not change with time. This move- 
ment (or non-3iovemeiit) ihay be represented on a position-time plot, time' 
plotted horizontally. . , 

For exai^le, Figure (2) below represents the motion of a stationary 
object while Figure (3) represents the motion of a moving object. 
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WORKED EXAMPLES 



* 1. An automobile travels from St. Louis, Missouri to Chicago, Illinois, 
a distance of approximately 300 miles. ^ Find this distance in metiers. 

300 miles = (300 mi) (f^—) ^T^isTlt^ " 4.83,>^x 10 m 

2. Graphically interpret the motion represented by the following 
position-time plot. 




/ Fig. (4) 

at t = 0> X = 0 I ' CONCLUSION ; the object travels 2m 

» Is, X = 2m ^ during every second of 

= 2s, X = 4m time; ipte, it moves 

= 3s, X = 6nfi uniformly ^ 



STUDENT l>ROBLgMS 




A typical carliival carousel has a radius of 10.00 meters. On a 
typical "ride" the carousel revolves 50.00 times. What total dis- 
tance is^bvered by a rider during one ride? 

(3142 m) 

2" 



i 
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2. A car is traveling down an interstate highway and the driver notices 
that he passes the "5 Idle post" at 3:00 p.«.. the no mle post- 

at 3:05 p.m., the "20 »ile post" at 3:1'4 p.m., the "50 mile post at 
3:40 p.m. and the "75 mile post" at 4:00 p.m. Graphically represent 
,this motion on a time-position plot, time plotted horizontally. 
Describe the general charjicteristics of this motion. 



Ans. 



X (mi) 



40-- 



20+ # 

# 



■\ 



H 1 — +- — I — ri — tr — ^ 



-j. ^t (min) 



20 



40 '•■ 



60 



(The motion is not uniform; there is .e» gradual increase in the speed 



of the car. ) 
SECTIOT 2 - SPEED AND VELOCITY 



The Average 3Daed (V) ot a body which travipls a di^Stance s in time" t is 



die fined to be- 



V - 



s/ 

r 



speed merely specifies the numerical value fBf the rate of motion of 
an -object. It is a scalar quantity. , , , 



er|c 



%ie units of speed are the units of length divided by che units of 
time. For exdn^le, spied may be measured in met\ars per seecTnd (m/s) , 
feet per second (ft/s), miles per hour (mph or mf/hr>r'etc. 



2^- 



V. 
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For example, the average speed 6f an automobile which takes 6 hours 
to go from St* Louis, Missouri to Chicago, Illinois, a distance of 
300 miles is ^ 



77 s 300 mi 



v = - = 



6 hr 



= 50.0 



mi 
hr 



SQ^.'O mph 



NOTE; 60 mph 55 BB ft/s is a useful conversion factor. 



Velocity is a vector quantity, ^thexmagnitude of which is equal to the i 
spee^. The direction of the velocity is^the direction of the motiop. 
The units of velocity are the same as the unit;s of speed; however, a 
direction must be appended to each velocity reading: for example, 
30 m/s. North. " / 

Velocity changes if speed and/or direction change (s). \ 

For motion along a straight -^aTihe sp^ed and velocity are synonymous if 
one eitqploys the additional convention that motion in one direction albng 
the line has a positive velocity^hile motion along the other direction 
has a negative Velocity. Usually, the directions of the conventional 
coordinate axes define the positive and negative directions. 

speed and/or velocity can be represented -^raphifcally . For example. Fig. (5] 
represents motion at a Constant speed Vhile Fig; (6) represents motion at a 
steadily increasing speed. 

|v.(m/s) (Vs) 



I I I I I I t 



t (s) 




-CONSTANT SPEED ^ STEADILY INCREASING SPEED 

* Fig. (5) Fig. (6) 

More conplex types of motion arl, of course, possible* 

Speed may also be interpreted as the slope of the position-time curve . 

rise of curve 
" run of curve 

For estan^le, in Fig. (3) for a run of 4 seconds (t » 0 to t * 4 s), 
t^^ corresponding rise is 2.5 meters (X « 0 to 2.5 m) . Hence, 



^ sp«ed « 



rise 
ruh 



2>5 m - 0 
4.00 s - 0 



2.5 m ^ . m 
4.00 s ^-^^ s 



represents.* unifom motion with a speed of 



Therefore, Fig. (3) 
Q.63 m/s. • ' * 

For non-linear curves, sX^pe can <3e^ineJ ^^jrned'lhoui/^^irtS^^^ 

the ta.»g^nt line at that P<»^n^ ^fl^Sty at that point. 

as the Snatantaneous speed or velocity ^ 

»• are motions which- d^rwt have 

The motions represented J^^^^'l^^l^ ^It is. the slope«%f Fig*. (7) 
graphs with single values for the ' .^^^^^'^lope steadily ihcreaj«. 

'hSge with time. For -'^^i!' ^J,^^J;ereaiin?Lpeed. In l^i^- (7« th. 
with time; this indicates ^hen it levels off and attains 

slope initially increases with time b»t tnen 
a constant value. 




t(3) 




t(s) 



(a) 



Fig. (7) 



LABORATORY 



7 / 

The student, using such leri^gth .^^^^^^ 
such time measuring devices as ^,"'3^h%J^ects as falling bodies 

be able to measure the average speeds of sucn odd 

or air track gliders. 



WORKED EXAMPLES 

, miles in 5 hours. ' Find the average speed in miles 

1 A bus travels 250 miles in o nuui. 

por hour and feet per second. ^ 

► - _ s _ 250 mi . 50.0 roph 
^ " t 5 hr 

' (50.0 ^) (go mph ' 



An autpmobile is traveling at a speed pf 60 inph when the driver 
sees a dog dart onto .the road ahead and stop dead in its tracks. 
Assuming a reaction time of 1.50 seconds, how far (in meters) will 
-Khfe car travel while the driver moves >iis foot from the accelerator 
to the brake? , ^ " • . / 

— s " - - p 

V = — • ■ 

- t.. - . .. ^ 



vt = 



' (60,0 ^) (1-50 s) 



• . mi, ( 88 ft/s) ; 
= ,(60. O r—) .— rr (: 



1 m 



- hr' (60 mph) 3.281 ft • 



) (1.50 s) 



r.2 m ■ ' ^ 

The fOllowiritr^at.. are recorded by a grox:^) of students studying the 
motion of an isolated moving glider on a frictlonlesg- -level air 
track* ' » 



POSITION OF GLIDER u) 



TIME OF OBSERVATION (t) 



(m) ■ ; 


(s) 


0 


0 


0.20 


O.A 


O.AO 


0.8 


0.60 


'1.2 


0.80 


1.6 


1.00 


2.0 


1.20 


2. A 


l.AO 


2.8 


1.60 " , 


3.2 



Construct a posit ion- time plot for this data, 
determine the average speed of t-hc glider. 



1.60 



1.20- 



.80-- 



..40-- 



From this pl^^ 




'I 
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:7 , "TTse (1.60 m - 0 m) 1/60 m « m 

V «.«lope » » .-T-^ 1 — - — r » ^ ^ . » 0.50 - 

' xm (3.2 s ^- 0 sj 3.2 s s 



STUDEKT PROBLEMS / . . 

1. A bus travels 75 kilometers in S hours. Find its speed in km/hr. 

* . (15.0 kmAr) 

2. A driyer for a trucking comjpajiy is to deliyer & load of scrap iron 
to a suburban New York factory and then return Ite his svibiirban 
.Washingtoi;! t).C. home h^se with, his empty truck. Assuming that the 
distance between the Vtto locations ^s 100 ifiiles, 'that the unload^ 
ing process takes two hours, that the driVef stops for a half an 
j&our along the road for lunch and that he returns to his home i3«kSe 

5:00 p.m. (he left at 8:00 a.m.), what average speed must he 
ftiaititain on the road? 

(30.8 ts^h) 

3. Johnny Rutherford, winner of the 1974 Indianapolis 500 race main- 
' tained an average -speed of 158.6 mph. How long did the jrace take 

(4 significant figures)? 
^ ^ . • • (3.153 h^rr 

4* Light tra'Orels at a speed of about 300,000 km/s in a vacuum. The 
nearest star, Proxima Centapri is 4.2 light years away. (A light 
year is the distance that iight will travel in one year.) What is 
the distanc^ to Proxima Centauri? 

(4.0 X 10^ km) 

5. A ball was dropped from rest and its position was recorded at inter* 
vals of 0.05 s. The followinq data were recorded: 

- • ' \ ■ 



POSITION (xy 


TIME (t) 


(cm) 


(s) 


" ' 0.0 


0.0 


4.0 


0.05 


10.4 


0.10 


19.3 


0.15 


30.4 


0.20 


44.2 


0.25 


61.4 


0.30 


73,. 8 


0.35 


99*. 7 


0.40 


123.1 


0.45 


.148.9 


0.50 



Construct a positi on-time x plot. , Describe the general characteristics 
of *the motion. Find the slope of the curve towards the end of the 
motion'. What is the average speed towards the end of the /motion? 



RLC 2 



n 




0.20 



lope « 5.0 m/s = V 



0.40 



4 ^t(s}. 



SECTIC»J 3 - ACCELERATIC»« * 



Accelerat e' 3n is a vectoy quantity which gives the rate at which velo- 
city is changing. For a bo<Jy having velocity at t ime t^ and velo- 
city V at time t, the average acceleration a J^s given by 



V - V 



o AV 
At 



V = Vq + at, if t_= 0. • 

AV and At represent the changes in the velocity and time, respectively. 

If the velocity of a l - f changes uniformly ^ then we say that its 
acceleration is consta ^ . In detail, for such a body with velocity 
at. time t^^ and, velocity V at time t its constant acceleration a is the 
same as its average acceleration (a « a) . 



V - V 



AV 
At 



V . + at, if t^ 



(1) 

(2) 



For exanple, an auto accelerating uniformly from rest to 30 m/s in 10.0 
would have -an acceleration of 



30.0 m/s - 0 , , , 

10.0 s - 0 = ^-oo "/^/^ 



3.00 m/s^ 



* This section deals only with motion along a straight line - linear acceleration. 



20 
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Note that the units of acceleration involve a distance unit divided by 
the square of a time unit ( e.g., ft/82, miAxr^ , m/a^) , 

Normal >, both Ume units are kept the same. Mixed time units such as 
ft/sec/hr, in/s/day are usually not used (mi/hr/s for automobile applica- 
tions IS cin exception) . 

■ 

For cases of constant acceleration t he average v^lacAty v of a body is 



o 



and the distance s covered in a time t is 

s « V t ^ 

which can be shown to give 

- » ■ ^ = V 4 



Also, it can be shown that 



2 2 
V = V^'' + 2 as 



(3) 



(4) 



(5) 



(6) 



"f^/^*'" bg<^Y atarrff frm fp^r . (v„ = o), equations (2), 

(5) and (6) become ° 



V = at; s = i at^; = 2 as, (V = 0) 

^ \ o 



(7) 



* freely falling body (negligible air resistance) it is found that 
the acceleration is roughly constant (near the earth's surface). This 
acceleration is referred to as the acceleration of gravity . 

acceleration due to gravity* = g = 32 ft/s^ =9.8 m/s^ 

Therefore, for a freely falling body, equations (2), (4), (5), and (6) 
become 

''^ = ^o ^ 9^ L (8) 



_ V + V 
s » Vt = -2-^ t . V^t + i gt2 

2 2 

V « V -t- 2 gs 

o ^ 



(9) 
(10) 



* We will assuc^ that g has 3 iignificant figures. 
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For exiUi^le, a body dropped from rest will cover 4.90 m.in 1 s; - 

8 = V t + ^ gt^ - (0) (1 s) + ^(9.8 m/3^a 8)^ = 4.90 m 
\. o 2 2 

The yceleration of a given motion is equal to the slope of the velocity- 
tiaigrcurve of tfie motion . 

^For cases of uniform acceleration the velocity changes by the same 
amount Jfor eacH uniform increment of tinne. Hence, the velocity-time 
curve is a straight line. 

In detail, for a body dropped from rest (V^ = of the velocity-time 
curve would be as follows: 
V (m/s) 



39.2-- 



29.4 



19.6," 



9.8-- 




» t (s) 
1.0 2.0 3.0 4.0 
The slope could be calculated from a run of 3 sec (t - 0 to t 
and a rfse of 29.4 m/s (V - 0 to V - 29*4 m/s). 



3 8) 



slope - liSe . 29 ,4 ffl/g - Q . g.go ^y^2 

run ^ - 0 



3 sec - 0 



This, of course, is the fcceleration due to gravity, as it should be. 



LABORATORY 



The student, using such length measuring devices as meter sticks and 
rulers and such time measuring devices as electric timers, spark timers 
and stroboscopes, should be able to meASure cn* av.cragl BimeUs and 
accelerations of such objects" as, falling bodies and gliders on an air 



track. 



For example, from the following set of data (glider on an air track) 
the .student should be able to construct position-time and velocity- 
time graphs as well as measure the acceleration. 

31 
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DATA ^ . 

^ - 

POSITION (m) 0 O.Xl 0.24 0.34 0.56 . 0.75 0.96 1.19 1.44 1.71 
TIME (8)" 0 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 

WOWEP EXAMPLES 

1. A body # Starting fron rest, moves with a constant acceleration of 

10 n/s^ for 6 seconds. _ Find (a) the speed V at the end of_3 seconds i 
<b) the average speed V for this 3 seconds; and (c) the distance s ^ 
covered in the 6 seconds. ^ 

(a) V » V +'at « (0) (6 s) + (10 m/s^) (6 s) - 60.0 m/s 

o 

(b) V-^'^-l^^ j^'^'-^^ - 30.0 m/s 

— 

(c) 8 - V t + I" - (O) (6 s) + ^{10 (6 8)^ - 180 m 



or 



8 » Vt - (30 i^/s) (6 s) « 180 m 



In passing a truck on an upgrade on a hl^way an automobile 
accelerates from 30 m^ to 60 nph in 20 seconds. Fiiid (a) the. 
acceleration (in f t/s^) ; (b) the distance covered (in feet) during 
the acceleration prociess. After passing the tzuck# the auto slows 
doim to 30 mph in IS seconds. Find (c) the acceleration and (d) 
the distance covered^ while the auto is slowing down. 

(a) SxAce 30 wph - 44 Tt/s 

a . 88 ft/8 - 44 ft/8 . ilJtZs , ^.20 tt/s^ 

t 20 8 20 8 

(b) 8 ^ V t + T " ft/s) (20 s) + T<2.2a ft/s^) (20 s)^ 

o 2 . 2 

« 880 ft + 440 ft - 1320 ft ' 
• 1.32 X 10^ ft 

(c) Here the acceleration is negative: 

ft/s « -2.93 ft/s 



^o . 44 ft/8 > 88 ft/s . -4i J. , . .,93 ft/s^ 



t 15 s 15 




J - i ^ 



(d) s - V^t + i at^ - (88 ft/9) (15^ + ft/sh (15 s)^ 



- 1320 ft - 329.6 ft 

- 990.4 ft ^ 
. 990 ft . 



According to some recent data from the Environmental Protection Agency 
^eTa;? certain automobiles are able to come to a fop from 60 mph 
in about 250 feet. Find the average, constant acceleration. 



2 



'i' yf^ i. . V s V ■>■ 2 as 

o 



v2 > V^^ 0 - (88 ft/sec)^ _ -7744 ft^s^ 
a ' -"T^ " 2(250 ft) " 500 ft 

2 

= -15.488 ft/s 
= -15.5 ft/s^ 

A ball thrown vertically upwards returns to its starting point in 
4 seconds. Find its initial speed. 

The .upwards direction is usually considered to be the positive direc- 
tion. Hence, here g = -9.8 m/s . 

At t = 4 s, s * 0 (it is back to its starting point.) 



s » V t + -r at 
o ^ 



s - at^ 0 - i(-9.8 m/s^) (4 s)^ 

2 , 2 ^ 19,6 m/s 



Vo J (4 s> 



It^s^fd'^To t>V%iA lartJi^dlsraScfrcovtr^e?^^^^^^ 
II S spends, (b) its speed V at the end of the 5 seconds and (O 
its average speed V oyer the 5 second period. 

Since the motion is downwards and the acceleration is downwards 
all quantities will have the same sign. 

(a) 8 « V^t + I at^ = (10 m/s) (5 s) + |(9.8 m/sh (5 s)^ 
- (50.0 + 122.5)ir. = 172.5 m • 173 m 
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(b) V = + 9t - la in/s\ (9.8 m/s^) (5 s) = (10 + 49)- = .59.0 m/V 



(c) 7=.^^ ^°Vs^59Vs ,61^,3,3^^ * 

STODBKt PROBLEMS f 

1. A J>eW&le dropped from a bridge hits the water below in 4 seconds. "~ 
Find (a) the speed (m/srwith which it hits the water and (b) the 
height (n) of the bridge. 

((a) 39.2 m/at (b) 78.14 m) 

2. A stone is projectjBd vertically upwards with a speed of 25 m/^, ; u ' --j 
Find (a) thie maxinauB height readied; (b) the time ^o reach the tV^)- ^ 

most p oi h t; (c) its speed when it returns back to its projection 

point and (d) the total time to return to the starting point. 

((a) 31.9 m; '(b) 2.55 s; (c) 25.0 m/s; (d) -^5.10 s) 

3. A 1000 kg pile driy^^r-iiaramer is dropped frcmi a height of 3 meters. 
With what speed does it hit the pile? 

(7.67 m/s) 

4. A truck traveling at 75 mph passes a stopped police car at the 
instant that the police car begins to accelerate at 10 ft/s^. How 
much time lapses before the car oviertakes the truck? 

(5.14 s) , ^ , 

SECTION 4 - LINEAR MOMENTUM AND ITS. CC^JSEHVATIW 

T^*® Linear MCTientum P of an object bf mass m and velocity V as* - ' 

' .\ P = mV 

The units of linear momentum are kg m/s and si ft/s. Linear ipomentum 
is a vector whose dirertion is that of the velocity^ For exan^Jle, a 
5 kg body moving at 4 m/s to the right has a linear momentum of P 20 
kg m/s to th^ right. 

• Conserva tictti of Linear Momentum . In liny collision process between two 
or more bodies the total linear momentum of all bodies before the col- 
lision is equal to the total linear momenttim of all bodies after the 
collisyjn, ' 
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, For exanple, if m, (velocity collides with (velocity and the 
respecjtive velocities after the collision are and Vj, then 

Vl * "a"?*' "1^1 * V2 (1) 

* Remember that tihe velocities are vector quantitfes and thus equation 
(1) above stands foi 3 scalar equations: 





"^"^ =_Vlx \ 


2 2x 








»l"ly * 


"2"2y = "l^ly * 


V2y 
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We say that linear momentum is a conserved q\iantity > 

If 

\ 
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''""ORATORY 
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Using an air track, a ballistic pendultun, a model pile driv«r or other 
similar ,apparat^s the student should be able to investigate the phenomenon 
of collisions, and thus study the conservation of linear momentum. 



WORKED EXAMPLES 

1, A 10 g buMet hits a 1 kg squirrel sitting on a fence, and as a result of 
the collision the squirrel and bullet move horiz ontally ut 5 m/s. The 
■ bullet is initially moving horizontally with a speed u. Find the initial 
speed of the bullet. 

(Horizontal linear momentum before collision) 
=i (Horizontal linear moroentujtr after collision) 

(0.01 kg) (u) = [(1 + 0.01)kg][5 m/s] 
u = 505 m/s 

* 2. A 200 3,b hockey player is rooying due east at 40 ft/s with the puck 
toward the open net. "He is/hit by a 220 lb defenseman moving 30 
north of we^t at 22 ft/s. Who holds on. What is their spe#d and 
direction immediately after collision (both players glide upright on 
the ice)? / 
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Before 



After 





X-c- j^nent equation • ' 

(200 lb) (40 ft/s) + (220 lb) (-22 ft/s cos 30°) 

- 4420 li>) {V^«os-i|>) . j 

Y-c©ii5)onent equation 

(220 lb) (22 ft/s sin 30^T = (420 lb) (>/ sin <})) 

To find divide (2) by (1): 

• tan d) - (220) (22)(.50 0) ^ 

^ 7 (200) (40) - (220) (22) (.866) 

= 0.635 ' 

((> = 32.4^ N of E 

substituting in (2) 

(220) (22X.500) ft/s ^ 



V = 



(420) (.536) 



= 10.7 ft/s 



/ 



(2) 



STUDENT PROBLEMS 
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1. A 10,000 kg truck moving at 4.50 m/s (about 10 mph) strikes a 
stationary 2,000 kg car in the rear. Find the speed V of the car 

. inmiediately after the collision. (The cars move together after the 

collision.) nc y v 

(3.75 m/s) 

2. A 0.200 kg glider moving atHJ. 500~m/s on a level air track strikes 

an initially stationary 0.400 kg glider in such a way that the gliders 
lock together and move as a unit after the collision. What is the comi>oj»itfj 
glider's speed after ^he collision? 

(0. 
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3 A glider at rest at one end of a lavel air track has a special gun 

on it which shoots ball bearings in a backwards direction. Initially, 
the glider, gvrn and bail bearings have a «ass of 400 g and are at 
rest. If the gun fires three "ball bearings successively at 10 n^s 
relative to the glider, and if each ball bearing has a mass of 50 g, 
what is the speed of the glider and attached gun inroediately after 
the third ball bearing has been fired? 

(6.00 m/s) 



SECTION 5 NEWTC^'S LAWS OF MOTIONS GRAVITATION 

A force may be thought of as a push or pull . Forces are measured in 
SI L ts of newtons (N) and English units of pounds (lb) . Forces 
have directions associated with them. Usually these directions ar^ ^ 
specified by reference, to a typical rectangular coordinate system 
(XY-axes in plane of p^er) . ^ 

Force Components , Any arbitrarily directed force F can be resolved 
into its con^nents along the 3 coord, nate axes. In two dimensions 
Fx « F cos e and Py^ ^ sin 0 , where 6 is the angle F makes with the 
X-axis . 

For exanple a 10 N force making an angle of 30° with the X-axis has 
X- and Y- coit5)onents. 

Fx = F cos e = (10 N){cos 30°) = (10 N) (0.866)^= 8.6.6 N 
Fy = F sin e = (10 N) (sin 30O) = (10 N) (0.500) = 5.00 N 

Force CogjQination . The total force acting on an object is equal to 
the sum of all of the separate forces acting on the object. Proper 
attention must be paid to the usual sign conventions. 

For exan^le, if a vertically upwards force of 10 N and a vertically 
downwards force of 15 N act on an object, the net force acting is 5 N, 
vertically downwards. 

^ Newton's Laws of Motion 

1. A body left alone (no unbalanced forces acting) maintains a con- 
stant velocity. 

2. The time rate of change of momentum is equal to the unbalanced force 
acting, 

A£ ^ A(mV ) 
" At At 



In aK>st problems mass remains constant and then Newton 'ip second 
law becomes ^ \ 

P « m -r-— » ma 

At 

This states that an unbalanced force acting on a body Willi pro- 
duce an acceleration which i& directly proportional to th^ force 
and inversely prpporticmal to the mass. \ 

3. For every action (force) F, there is an equil and opposite \ reaction 
(force) -P. (F and -P act on different bodiiifi.l \ 



If mass m is measured in kg and acceleration a is measiired in n^s^ then 
force F is measured in neirtons (N) . If F is in pounds and a is Vn ft/s^, 
then m is sneasured in slugs (sll. ^ 

Law of Universal Gravitation ; 

\ 

Any two masses m^^ and m2 whose centers are separated by a distanc^ r 
attract each other with a force F given by 

F » G — ^ I 

r - , ' 

when and m2 are in kg and r is in meters, then G, a constant of pro- 
portionality, is I 

^ G = 6.67 X lO"^^ N m^Ag^ 



LABORATORY - 

I using such equipment as meter sticks r electric timers and an air 
track r the student should be able to measure the accelerations of 
gliders which are descending a sloping air track, or aire being sub- 
jected to horizontally directed forces on a level track* Prom such 
J measiurements the student should be _able to infer the forces acting. 

i»3RKED E)CAMPLES 

1., Find the force needed to give a 5 kg mass an acceleratioi^of 
8 m/s% ^ ' 

F » ma 

= (5 kg) (8 m/s^) 
i « 40 kg m/s^ 

« 40.0 N 
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A 3200 lb automobile is traveling at 60 inph (88 ft/s) on a straight, 
level road when the driver sees an obstacle ahead. He applies the 
brakes and comes to a stop in 250^ ft. Find the retarding force 
supplied by the brakes. 



2 2 
V »» V + 2 as 
o 

V2 . V 2 

o 



0 - ft/s)" ^ -7744 2 ^ .^55 2 

2 s 2(250 ft) 500 



W 3200 

F » ma = — a ■ 

9 32 ft/s^ 



(-15.5 ft/s ) 



= (100 si) (-15.5 ft/s ) • 
= -1550 lb * -1.55 X 10^ lb 

The minus sign shows that the force is acting in a direction oppo- 
site to the motion. 



A 6400 lb elevator is accelerated upwards at 4 ft/s . Find the 
tension T in the elevator cables. 

T 

F a ma 



or 



(T . 6400 lb) « (4 ft/32j 

32 ft/s^ 



T « (800 + 6400) lb 
. = 7200 lb 

=» 7.20 X 10^ lb 




= 4 ft/s 



6400 lb 



Solve problem 3 above for a downwards acceleration of 4 ft/s 
F * ma 

or .2 
(T - 6400 lb) « (200 si) (-4 ft/s ) 

T « (6400 - 800) lb 

3 

« 5600 lb « 5.60 X 10 lb 

3d 
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. Friction^ 

W « weight ^ 
ri," ^lp push of skiirface 
Friction « frictional force aoting 







PrictioaX 


\ 

\ 










V 














Wp = W sin 15 

= (1500 kg) (9.8 Ws^){0.26i)^ 

= 3851 N I 

\ 

Friction force must Lalance W 
= Friction forc^ = 3851 N, ^ 

W 

Estimate the gravitational force between Raquel Welch and Jim Brown, 
when both are standing facing each other. If these two objects 
are strongly attracted to each otheif, is that attraction likely a 
result just of this force? Jlssiane their centers are 75 eta i^rt. ' 
Let the weights be. 54.5 and 90.9 kg. 



m^m^ 



" (6».6'^ X IcT /^m^/kQ^) (54.5 kg) (90.9 k<^ ) 
(0.75 m)^ 



NOT LIKELY.'^ 



» 5.87 X lO^^N 
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STUl^NT PROBLEMS ' 

1. What upwards force musjt be exerted on ^ 15 kg mass in or^er to 
cause it' to fall downwards with em acceleration of 5 m/s ? 

. ' ' (72.0 N) 

2. A 3200 lb autonobile accelerates from 0 to 60 mph in 12 seconds. 
Find the foicce required to produce this acceleration. 

(733 lb) 

3.. A 1500 kg automobile xs moving up a 10° ilope at a constant speed of 
" ^ 15 n^h. What, force must be supplied by the auto in order to main- 
' tain this -speed? (Neglebt frictional effects.) 

(2-57 X 10^ N) ^ , 

4. A 160 Ib'man. is standing on a bathroom scalp in an elevator. What 

• * -will be the rfeading on the scale if the elevator accelerates upward 

at 4 ft/s^? Downwards at 4ft/s}? 

sr* (180 lb, 140 lb) 

5. If the gravitational force bet;ween 2 bodies is found to be F 

when they are lO m apart, find the force when they are 20 m apart/ 

(F/4) - 

SECTION 6 - WOKX; ENERGY; POWER 

Work. When a force F acts on a body and moves it a distance s along 
^tfe direction g£-^e-fbrce; the work U done by the force F is 



U = Fs 

Work is measured in^joules (J) or foot-pounds (ft-lb). ^1 1 Nm- 

For example/ if an upwards force of 5 N acts on a 10 kg body and moves 
it 5 m upwards the work done k^y the 5 N force is (5 N) (5 m) = 25.. 0 J. 

gner^ measures* the ability of a body to do work. Energy is also mea- 
sured in joules and foot-pounds. 

Potential Energy (E ) measures a body's ability to do work because of 
its position. The ^gravitational potential energy Ep of a .body of mass 
m (weighs W) which is a distance h above an arbitrary reference level is 

E = mgh = Wh 
P 
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The body cart be thought of as acquiring this potential energy by being 
lifted (by an external force) through this distance h. 

For exanple, a* 5, kg laass \i^ich is 10 m above a certain reference level 
has a potential energy of (5 kg) (9.8 m/s^) {10in)== 490 J. \ln returning 
to this lower leyel the body can do 490 J of work. 

Kinetic Energy (Ej^) measures an object's ability to do wor)^ because of its 
motion. The kinetic energy Ej^ of a body of mass m and velocity V is 

For example, a 100 kg body moving at a velocity of 30 m/s has a kiaetxc 

energy of (0.5) (100 kg) (30 m/s)2 = 4.50 x 10^ J. In stopping^ this body can 
do 45,000 J of work (assuming no frxctional losses). 

Conservation of Energy . Energy can neither be created nof destroyed, 
but only transformed from one type to another. In motions resulting from 
the action of the gravitational force 

E, + E = constant ♦ 
k p 

For exan^le, a stationary 5 kg body 4 meters above a reference level 
has Ep = 196 J, Ej^ =^ 0. As it falls towards the reference level it 
loses Ep but speeds up and then^gains an equal amount of Ej^. At all 
points m the motion, E, + E = 196 J. , 

K p 

t>ower P measures the rate at which work is done. 

work _ U 
^ time t ^ 

The units of power are joule/second = watc (W) or ft-lb/s. 
Work done =* (Power) (time); U = Pt " 
Some useful conversion factors are:^ 

1 W = 1 J/s 

1 kilowatt (kW) = 1000 W 

1 kilowatt hour (kW-hr) = (1 kW) (1 hr,) = 3.60 x 10 J 

1 .horsepower (hp) = 550 ft-lb/s = 33,000 ft-lb/min 

L 746 W ^ g 

For exan^Jle;' if a 2 }^mass is lifted 5 m in 3 s the power exerted is 

^^^^ p.^ (2 Jkq) (9.8 m/s^) (5 m ) ^ 98 J ^ 32 7 ^ 
^ ~ 3 s * 
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An elastic collision is one in which both linear momentum and kinetic 
energy are conserved. 

A partially elastic (partially inelastic) collision is one in which 
linear momentum is conse^rved but some kinetic energy is lost; the 
objects separate after the collision. 

An inelastic collision is one in which linear momentum is conserved 
and some kinetip energy is lost? the objects stick together after the 
collision. 



LABORATORY 



Through the use of such a device as a model pile driver or a ballistic 
pendulum the student should be able to mfeasure potential energy, kinetic 
energy and work, and study elastic, partially elastic, and inelastic 
collision phenomena. 



WORKED EXAMPLES 

1. Compute the work done by a pump which discharges 800 gallons of - ^ 
water into a tank 100 feet above the intake. The weight density 
of water is 62.4 Ib/ft^ and 1 gallon = 0.134 ft3. 

work = mgh = (weight) (height) 

• /ooo , , , 0.134 ft^ , , 62.4 lb, 
weight = (800 qal ; ) ( r~) 

. ft^ 

= 6689 lb = 6,69 X 10"^ lb 
work = (6689 lb) (100 ft) 

= 668,900 ft lb 

= 6.69 X 10^ ft lb 

2. A waterfall is 300 meters high. -Find the potential energy of 1 kilo- 
gram of water at the top of the falls. What is the velocity of this 
kilogram of water when i*: is 150 m above the bottom of the falls. 
(Assume water is at rest just before it starts to fall.) 

At top, Ep = mgh = (1 kg) (9.8 m/s^) (300 m) = 2940 J = 2.94 x 10^ J 
^k=^ 



*See Chapter V, Section 1, for ri fUscussion of density. 



Halfway down, - ^ J •= 1470 J - 1.47 / 10^ J 
E - 14*70 J - mV^ = |(1 kg) (V^) 

V f 54.2 m/s ! 

In a tnodel pile driver a 4 kg ma^s falls 1 m and driVss a nailj 3 mm 
into a wood blo<*. - Find the original potential energy of -fie '4 kg 
mass, its kinetic energy and velocity right before impact wit|i the 
nail, arid the Wrage force it exerts on the~naiti- 

At beginning, E - mgh - (4 kg) (9.8 m/s^) (1 m) - 39.2 J 

E = 0 
k 

Just be.-ore impact, \ mV^\39.2 J « j(4 kg) (V^) 

E = 0 
P 

7 2 2 

V = 19.6 m''/s 

V = 4.43 m/s 

Work done = 39.2 J = (F) (d) = (F) (0.003 m) 

P ^ ^^'^ ^ = 13,067N« 1.31 X 10^ N 
* 0.003 m 

An average student weighs 800 N. (a) Compute the increase in poten- 
tial energy of this student if he walks up a flight of stairs to a 
vertical height 4 m' above his initial position. (b) If he walks yxg 
a spiral staircase instead of an ordinary stairway, will the answer 
to part (a) change? Why or why not? (c) If he rufls instead of 
walking, will your answer be different? (d) If he climbs the 4 m , 




in 4 


s, what is his 


(a) 


Change in E^ = 


(b) 


Same emswer as 


(c) 


Same as answer 
How he gets to 


(d) 


WCTPk 
Power » ^-.^^ » 



^a; . apeea uuea n^*- -.^ 

the top has no ^effect on final E^. 

1200Li: = 800 i -(800 W) (ir^) = 1.07 hp 
4s' s f'*o w 



Is this realistic? 
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Por worked exanple #1 of Section 4, find the total kinetic energy 
both before ♦nd after the collision. Consider only the horizontal 
part of the motion. 

1 2 ' 

Before collision ; E^^ • 2^°*°^ ^^^^ ^^^^ 

* 3 , 

« 1275 J = 1.28 X 10 J 

X ' J 

\ 

1> 2 
After collision : E^^ = 2^^'"^^ ^^^^ 

= 12.6 J 

Percentage of original kinetic energy which is lost . 

(1275 - 12.63) j^QQ^ = 99.0% 
1275 

What happens to the kinetic energy that disappeared? 

TWO like billiarijvballs (200 g each) collide head on. One ball is 
at rest before ttfe collision and the other one is moving at 5 m/s. 
Assume elastic cdl^ision and motion along a straight line. Find 
the velocities of|tW balls after the collision. ^ 

Vl + V2 ^ Vl"^"" "2^2 ■ ^ ■ 

I Vi' ^ i ^^^2^ = -2 Vi' ' ^ * ■ 

(0.2 kg) (5 m/s) + (0) = (0.2 kg) (V^) + (0.2 kg) (V^) 
'i(0.2 kg) (5 m/s)2 f 0 = ^(0.2 kg)V^^ + j (0.2 kg)V2^ 



or 



from (1) 



put this in (2) 



5 ni/s = + 
25 mVs^ = + ^ ' -^2) 



V^= 5 m/s - 



25 mVs^ = 25 m^/s^ = (5 m/s - V )^ 



2^2^ ' (10 m/s)V2 




« 5.00 «/« 



and from (1) 

» 0 

Conclasion : As a result of the collision the c^jects merely exchange 
velocities. 



STUDENT PROBLEMS 



1. ^A^body of mass 4 kg is raised a distance of 10. m in 15 seconds* 

Find the_wprk done and the power exerted. 

' (392 J, 26.1 W) 

2. A 10 kg object is throum vei^ically downwards frOTi a bridge at 15 
ro/s. Find its kinetic energyxafter 5 seconds. ' 

(2.05 X 10^ J) 

3. Calculate the horsepower needed to lift a 100 pound mass to a 
height of 30 feet in one minute. 

(0.0909 hp) 

4. Find the potential energy gain as a 5 kg mass is raised a distance 
of 10 m. ^ 

(490 J) 



A 3200 pound automobile is traveling at a speed of 30 mph dowa a 
30^ slope. What force must the brakes exert if the auto is to be 
brought to a stop in 250 feet? (Assume auto is still on incline.) 



(1.99 X 10^ lb) 



END OF CHAPTER PROBLEMS 




A ball i,s dropped from a height of 2. meters above a tile floor and 
rebounds to a height of 1 meter. Find the velocity of the ball 
immediately after its collision with the floor. What percentage 
of its original kinetic energy is lost during^ the collision? What 
happens t& this kinetic energy? 

(4.43 m/s; 50.0%) 

A 2000 kg^ automobile is pulling a trailer on a level rpad at a steady 

speedi of 20 m/s. The force of rolling friction on the trailer is 

900 ne*rtons; this force opposes the motion. (a) What is the direction 

and magnitude of the force which the trailer exerts on the csfr? 

(b) What is the direction and magnitude of the force v^ich the road 

exerts on the car? • *\ • 

' I ((a) 900 N, i)aW#ards^ (b) 900 N, forward, . 
^ ^ 1.96 X lt)4 N, \«)) J 
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3. A persc»i leaning over the side of a bridge throws a stone upwards 
with a speed of 30 m/s. The bridge is 100 m above the water. Find 
the maximum height achieved by the stone and the speed with which 
iWhits the water. Find the total time of flight. 

(45.9 in7 33.5 m/s; 8.52 s) 

4. An inclined plane mak^s an angle of 30° with>the horizontal. Find 
the force needed to move a 50 N box (a) up the plan6 with an 
acceleration of 5 to/s and (b) down the plane, with an acceleration 
of 5 m/s . Neglect friction and apply all forces parallel to the 



Incline. 



((a) 50.5 N, up plane; (b) 0.510 down 

" plane) 



A 50 N block is prpjected up An inclined plane which makes an 
angle of 30° with the horizontal at a speed of 15 m/s. How far \ip 
the plane will it go before coming to a stop? How long will i,t take 
to return to the starting point? Neglect a?l frictional effects. 

(23.0 m; 6.12 s) , 
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CHAPTER III 



ROTATIONAL NOTION 

SECTIC^ 1 - CENTRIPETAL fORCE 

A body moving with constant speed in a circle is said to have uniform 
circular motion . This is an accelerated motion since the direction of 
the "velxrcity is continually changing. 

A body /executing uniform ci^ular motion (speed V) has an acceleration 
which lis directed perpendicalar to the velocity V and, hence, points 
towarcjl the center of the circle. The value of this centripetal (center- 
seekii^g) acceleration a is 

r 

wher^ r is the radius of the circle. 

For example, for a 5 kg mass moving 10 m/s around a circle of 4 m radius 
the centripetal acceleratxrm is 

, = vi , '.12^' ^ 100 r^W . 25.0 n./s2 
r / 4 m 4 m 

A body' executing uniform circulcur motion must have an unbalanced force 
F acting on it^ The force is directed towards the center of the circle. 
This- centripetal force F has a magnitiide of 

K 

F = 

r 

Po^^ example, the 5 kg mass above, which moves at a speed of 10 m/s in a 
circle of radius 4 m, has acting on it a centrally directed force of 

(5 kg)(10m/s)^ ^ ^^5 N 
4 m 



LABORATORY v 

Using such devices as comnercially avail^U^le centripetal force apparatus 
or air t£d3les the student should be able to investigate centripetal forces 
and accelerations. 
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WORKED EXAig>LES 

1. A body of mass 0.200 kg is rotating in a, horizontal circle of radius 
50 cm at 120 revolutions per minute (rpm) . (a) Calculate 1:he centri- 
petal force acting and (b) find the period T of this motion fthe 
period is the time for one complete revolution). 

(a) One revolution in this problem means a distance of 27rr = ^ 
{2n) (0.500 m) = 3.14 meters is traveled. . 

120-5?^^ = (120 ^) ( ^-^^^^ "* ) i^^) = 6.28 m/s 
mxn min rev 60 S- 

p ^ mV^ ( 0.200 kg) (6.28 m/s)^ 15 8 N 
0 . 500 m 

. , Circumference 3. 1 4 m _ _ 

(b) Period = T = = ;~ = 0-500 S 

KD) Ferioa ^^^^ ^ 28 m/s 

Why is it harder for a car to make a given turn at high speed than 
at low speed? 

For a turn of a given, radius the centripetal- force needed to produce 
the circular motion of a given car depends only upon the square of the 
speed of the car; the higher the speed, the more centripetal force 
needed. 

The friction between the road and the tires is the mechanism that 
produces the needed centripetal force. At higher' speeds' the needed 
frictional force just may not be available and, hence, the car will 
skid. - . 

The "normal" human body can safely stand an acceleration of approxi- 
mately 9 times the acceleration of gravity. With what minimum 
radius of curvature may a pilot safely pull out of a dive in which 
the planeN^ traveling at' 135 m/s (300 mph)? 

At the bottom of the dive two forces act on the pilot: (1) the down- 
wards force, mg of gravity and (2) the upwards force F^p due to the 
force of the seat on him. Together these two forces must add up to 
the needed upward centripetal force. 

,2 



mV 

F - mg =s 

up ^ r 

F - mq + 

up r 



If he were sitting on a scale on his seat it would also read F^^. 
Why? — 



Here, 




r = — = < 135 m/s) 
^ 8 Q ^ . \ 7 

^ (8) (9.8 m/4 ) 



18225 



= 232 m 



STUDENT PROBLEMS 

1. The precision clock in a physics laboratory has a second hand 
10.7 cm long, which makes one revolution per second. (a) Fimi 
the speed of the tip of this hand. (b) Find the centripetal accel- * 
eration of tl*ls tip. ^ . 

((a) 0.672 m/s; 4.2?^ m/s^) 

2. A man is \staiiding at the eqxiator. Taking the radius of the earth 
to be 6.40 X iO^ m, what is the speed of the -man with respect to 
the ce^terjfJf , the earth. Find his centripetal acceleration. Com- 
pare your^ re^34lt with g. 

(465 m/si0.0338 m/s^; 0.345%) 

3. The gravitational force of the stin on the earth is 3.08 x 10^^ N. 

(a) Find the centripetal acceleration of the/ ecirth in its orbit 
(radius of 1.496 it 10® km, mass of S.OQ^x 10^ kg). 

(b) Find the speed of the earth in its orbit ^ using result of 
part (a). • 

(c) Find the period of the earth's revolution about the sun in 
-9ec6n3& and ih d^ys , us ing the result of part (b) . Compare 

- with your caFSmkr. 

' ' (a) 0;00513 rii/s^r (b) 2.77 x 10^ m/s; C 
(c) 3 ,-39 X lo'' s, 393 days 

SECTION 2 ■ ROTATIONAL ANGLE, VELOCITY, ACCELERATION 

r 

Anqulac^displJag^«^^ (rotational angle) specifies the angle through %riiich 
a body ha^s»6tafcifl/ It is normally measured in radians and is denoted 
by 6. One radian/is the angle subtended at th^ center of a circle by 
an arc equal in :/ ength to the radiu§. 
O * / 

^jM^ / ^ ^ radiao - 1 rad « 57.3° 

/ iir rad « 360° ■ 1 revolution (rev) 

1 : ( M 



Radian is a pure (dimensionless) nuinb|er. 

For exaii?>le, if a grinding wheel rotates 2 complete times we say that 
it has experienced an angular displacement of lir rad ^or 720^ or^2 rev) . 

Angular displacement has direction ; counterclockwise = positive and 
clockwise - negative. 

Angular velocity specifies the rate at which a body is turning through 
an angle. It is normally measured in rad/s and is denoted by the Greek 
letter omega - w. 

If a body turns through an angle 9 in a time t, its average angular 
Velocity u) is given by 

— _^ _ Angle Turned Through 
~.t " Time 

For exanple, a body rotating at a rate of 3 revolutions per minute has 
^n angular velocity of 67t rad/60-sec = ir/10 rad/s. 

Angular velocity has a direction ; counterclockwise = positive and 
clockwise = negative. ^ 

Ai VTular Acceleration specifies the rate at which angular velocity changes. 
It~is"roeasured in rad/s ^ and is denoted by the Greek letter alpha - a. 

If the angular velocity of a body changes uniformly from a)^ to w in a 
time t, then 



a = 



^ ' % _ Change in Angular Velocity 



t Time 



An increasing (in the counterclockwise sense) angular velocity implies 
a positive angular acceleration; a decreasing angular velocity implies 
a negative angular acceleration. 

For exan^le, if a grinding wheel changes its angular velocity from +50 
rad/s to +100 rad/s in lo\s, its angular acceleration is 



(100.50). rad/s , ^ ^^^^^2 
10 s 



The linear quantities of arc length s, (radius r) velocity V and acceleration 
are related to the correspon4ing angular quantities of angular displacement 
e, angular velocity o) and angular acceleration a such that 



s » r9 
V « r(A) 
a « ra 



Corresponding analogies exist between the equations for uniformly 
accelerated motion and the equations for uniform angular acceleration, 
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^ <u + u 
8 = wt = — r — 2^ t 



e = w t + (l/2)at^ 
o 



(i) = w + at 
o 



2 2 
w = w 2a6 
o 



LABORATORY 



Using such equipment as a regularly rotating body (e.g,, an electric 
fan), various time measuring devices such as stroboscopes and electric 
timers and various length measuring devices such as meter sticks, 
vernier and micrometer; calipers, the student should be able to measure 
the various angular quantities (displacement, velocity, acceleraticm) 
and relate them to each other and to the corresponding linear quantities. 



SOLVED PROBLEMS 

^ 1. A, 0.500 meter radius grinding wheel is rotating at 180 rpm. Find 

(a) the angular velocity of this wheel and (b) the linear speed of 
^point on its periphery. 

/ ^ /-lorN rev. ,1 minv ,2? rad, ^ ^. ,^ « 

laX- u) = (180 —r-) — ) (-^ ) = Sir rad/s = 18,8 rad/s 

min 60 s rev ^ 

(b) V = wr = (18.8 (0.500 m) 9,40 m/s * 

s 

2. An electric mbtor revolving at 3600 rpm is turned off and slows 
down uniformly to a step in 10 seconds. (a) Find the angular 
acceleration of the motor shaft and (b) find the total 
angular displacement as i,t slows to a stop. 

(a) 3600 ^ = (3600 ^) (f^) (^) = 120^ ^ 

min mxn 1 rev 60 s s 

• , J. 0 rad/s - 120ir ra^/s ,^ ^,2 

u) « u -f at or a « * ^-^rr ^ «-12ir rad/s 

S t 10 -s 

(b) 6 - w t + (l/2)at^ = (I207r (10 s) + (1/2) (-127r ^) (10 s)^ 
« 1200ir rad - 600ir r^ « 600ff rad « 1*88 x 10^ rad « 300 rev 



A 3 sp€«d electric fan is revolving at 1200 rpm (high speed) . It' is 
then switched to low speed (600 rpm) and it is noted on a revolution 
counter ihat the fan makes 450 revolutions in going from high speed 
to low sp^ec. Find (a) the angular acceleration, (b) the titoe re- 
qui.red to from high speed to low speed. 

(a) 1200 rpm - (1200^) l^^) (^f^) = 407r rad/s ^ ' 

min. 60 s 1 rev ;» 

Similarly, 600 rpm = 201T rad/s ; 450 rev = goOir rad 
2 2 

0) = 0) + 2ae 
o 

2 2 . ' 

^ o_ _ (20Tr rad/s) ^ - (407T rad/s) ^ 

26 " (2) OOOTT rad) 

2 

^ ( 400 - 1600)Tr rad' _ ~2]i rad 

ISOOTT 2 3 ^2 

s s 



U) + Oj 

(b) e - 03 +(X/2)at^ « -^T t 

\ o 2 

^ J 29 _ ( 2) OOOTT rad) ^ ISOOtts ^ 

V> + (2aTT + 40Tr) rad/s 60Tr ~ ^^'^ ^ 



STUDENT PROBLEMS 

1. An electric fan goes from 600 rpm to 900 rpm in 20 s.» Find (a) its 
angular accel eration arid (b) the angl e turne d through during this 
accelerating process. 

((a) 1.57 -y^ ; (b> 1.57 x lO*^ rad) 
s 

2. An electric drill j.s rotating at 3000 rpm as it is drilling a hole 
in a piece of wood. It then encounters a knot in the wood and 
stalls (stops rotating) almost immediately (it makes 50 revolutions 

in goincT from 3000 rpirf to a dead stop) . (a) Find the angular accelera- 
^ ^ tion and (b) find the time involved in the stalling process. 

((a) -157 rad/s^; (b) 2.00 s) 

3. The beaters on an electric mixer are rotating at 600 rpm. The 
prongs of the beater have a radius of ,ed)out 3 inches (7.50 cm), 
(a) Find the angular velocity of the beaters and (b) find the 
linear velocity of one of the prongs. 



((a) 62.8 rad/s; (b) 4.71 m/s (10.5 mph)) 
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SECTION 3 - TORQUE AND STATIC EQUILIBRIUM 

O^raue refers to the effectiveness of a force in producing rotation 
about an axis. It is defined as the product of the force ,P acting 
and the perpendicular distance I from the axis of rotation to the line 
of action of tie force. I is referred to as the lever Aim. 

. ■ . k ^ 

Torque » t = (F) («:) 



Torque is usuallF measureol in newton-me'ters (Nm) or pound-fee t (lb ft) 
Torques are directional and are usually referred to as counterclockwise 
(positive) or clockwise (negative). ' 

Torque Combination. The total torque acting on an object U equal to / 
the sum of the separate torques acting, niaking pr<^er allowance for the 
sign convention defined, above. For example, if a clockwise torque of 
50 Nm and a counterclockwise torque of 150 Hf. act on a body, the net 
torque acting is 100 Nm, counterclockwise. 

The center of mass of a rigid body is a point at which we can consider ' 
all of the mass of the body to be concentrated. For many calculations 
of interest a rigid body may be replaced by a point mass (mass equal to - 
_„ the actual mas& of the body) located at the center of mass position 
of the rigid body. In a uniform gravitational field the temscenter of 
mass and center of gravity are synonymous. 

For example, the center of mass of a uniform meter stick Would be located 
at Its 50 em malrk while the center 6f mass of a doughnut would be located 
at the -center of the hole. 

An object is said to be in static equilibrium if the total force acting, 
on the ooject is zero and the total t6rque acting on the object is zero. 
That is,' 
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LABORATORY 



' Using a balance (or other similar devices) the students should be able 
to develop thejlaws of* static equilibrium. Also, they should be able 
to determine unknown masses ufeing such a balance - both for cases where 
the balance is supported at its center of gravity and for cases where 
the point of support is not at tha center of gravity. 



WORKED EXAfgLES 



A rigid stick is acted vpon by the indicated forces, "^s this 
stick In static equilibrium? Neglect the weight of the stick. 

10 N • • 



30 cm 



1 



4 N 



40 cm 



] 



6 N 



V 



The total force acting on the stick is zero: 10 N, up and 
(6 + 4) K, do*n. 

For the torque calculation choose the axis to be at the point of 
application of the 10 N force. 

y T = (4 N) (0.400 m) - (6 N) (0.300 mK= (1.60- 1.80)Nm = -0.200^N^ 
Therefore, clockwise rotation will occur. 

A 50 N board is supported as shown. Find the tension in each section 
of the rope. t Y * 

X 

2 m 





= 0 = cos e - cos e 



Therefore = = T 



F' = 0 = 2T cos 9 - 5Q N 



(i) 



Now cos 6 = 



1 m 



1.50 m 
Therefore, from (1) 
50 N 50 N 



= 0.667 



T = 



^ 50 N 

2 cos e *{2) (0.6'67) \ 1.334 



= 37.5 N 



3. A 500 lb sign is supported as shown below. The sign is unifom in 
density* Find the fjrce exerted the rope and th e -ferfe^ e x e rt e d 
by the pin. ^ 




4 ft 



2 ft 



(^R^X = ^R 


30° = 0.866 




to the 


left 




= ^R 


30° = 0.500 


^R' 


Let (Fp)jj = X- 


part of pin 


force 


(Fp);= 


part of pin 


force 




-(F^)^ ^ (Fp) 


X 


or 0.86G = (Fp)^ 


(1) 


I Fy = 0 = 


(Fj,)y * (Fp) 





or 0.500 F + (F„)-, = 500 lb (2) 

R Pi 



Sut equations (1) and (2) contain 3 unknowns (F^^) , ^^p^x' ^^P^Y 
hence unsolvable. Another equation is needed. 



Let the pin\be the point about whicH torques are taken. 

\ 

\ 



\ 

\ 
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I T = 0 

or, -(500 lb) (2 ft) + (Fj^)y{4 ft) = 0 (3) 
(NOTE: {{Fj^)^, {Fp)j^ And {Fp)^ have lever arms of zero.) 
or , • 

1000 lb ft ={0.500)F_{4 ft) = (2.00 f t) (F 

= l^^^^^^l^^ = 500 lb 

From (1), {F„)„ = 0.866 F = (0.866) (500 lb) 433 lb 
and from (21 (F ^ 500 lb - 0.500 F 

= 500 lb - (0.500) (500 lb) 
= 500 lb - 250 lb 



= 250 lb 



STUDENT PROBLEMS 

1. A 200 g meter stick has forcek acting on it as shown below. VHiat 

single vertically directed force (magnitude, direction, and point of 
application) mu5t be applied to produce static equilibrium? 

\ 



5 N ' ^^ 

20 cm ^ 50 cm 

{30 cm I I (5.96 N, up; 86.8 cm 
1 I from left end) 



5 N W ) "^4 N\ 

\ 



2. The 5 Ib^ rigid body shown below is acted upon \y t he indicated forces 
I What total force acts on the body? Find the toxque tending to rotate 
the object about point P. Wat upward force appl^^ed at point Q 
would hold the body in static equilibrium^ \ 



\ 

\ 
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3 lb 



4 ft 



4 lb 



2 ft 



4 lb< 



t 

8 lb 



f 

N 



♦ 

6 lb 



r 



(16 lb, down; 42.0 ft- lb, 
clockwxsei„ 10,5 lb) 



SECTICW 4 - 




INT OF INERTIA; ROTATIONAL ENERGY 



Moxnent of Inertia measures the resistance a body offers to a change 
-in^its augMlax^ye^locity. It is the angular counterpart of mass. It 
depends upon both the mass~ of an5ody^~and-bhe- ^^ this mass 

abou€ the cucis of rotation of the body. For example, for a point inas^^ ^ 

m rotating at a perpendicular dist£mce r from a fixed axis, the moment of 

inertia I is defined to be 

I = mr^ 



ERLC 



Any extended body can be thought— of as a collection of masses> m^, m^, 
m^> ... located at dist2uices r^, r^, r^, ... from the axis of rotation. 
Conseq^uently , 

_ 2 2 2 

— ^^^^2^ ^2^2 ^ ^3^3 ^ ' ' * 

For certain specifically shaped bodies this sum is relatively easy to 
evaluate using the techniques of the calculus. Some specific results 
are: 



Sphere (axis through center; mass m; radius r; solid) 

Point Mass (mass m, distance r) 

N'hin Ring 
Hollow Cylinder 



I 
I 



(2/5)mr 
2 

mr 



HOO£ 



(mass m, radius r; about its 

own axis) 



I = mr 



Thin Uniform Rod (mass m, length £; about an axis 

perpendicular to rod at* its center) 



(l/12im^' 



Solid Cylinder; Disk (mass radius r, axis through I = (l/2)mr 

center and perpendicular to 
its plane face) 

2 

MEMnent of inertia is mecusur^d in units of kg-in2 or sl-ft . For example, 
a 5 kg mass rotating in a circle of radius 5 m has a moment of inertia I 
of I ^ iM^ = (5 kg) (5 ir.)^ ^ 125 kg-m^. 

The angular acceleration a, torque t and moment of inertia I are related 
by the equation 

• . T = la 

Sign conventions should be observed as noted in Section 3. The above 
equation is the angular counterpart of the linear form of Newton's Second 
Law, F = ma. • ^ 

For example, an unbalanced torque of 50 Nm acting on a body whose moment 
of inertia is 100 kg-m^ will produce an angular acceleration of 

2 

^ T_ _ 50 Nm _ ( 50 kqm/s^) (m) 

" I * 2 " 2 

103 kgm 100 kgm 

' 2 ' ' 

= 0.500 rad/s 

Rotational Energy {E^)^ is possessed by_any rotating body. 



'(E ) is measured in joules (J) or foot-pounds (ft-lb) 
K R 

2 

For example, a body with a moment of inertia of 125 kg-m .'.rotating with 
an angular velocity of 10 rad/s has a rotational^kinetic-eS^rgy of 
(1/2) (125 kg-m2) (10 rad/sl? = 6.25 x 10^ J. 

If a body is moving as a whole (translating) and rotating simultaneously, 
its tot al kinetic energy (E^) is ttjade up of two parts: (Ej^)^.,due to 
its translational motion anS (EK)Rldue to its rotational kinetic energy. 

i 

= (l/2)mV^ + (1/2)10)^ , 

Here V represents the velocity of t^e center of mass of the body and 
the axis of rotation must be through the center of mass of the body. 

An example of this type of motion would be a blackboard eraser which is 
thrown up into the air in such a way that it rotates as it moves along. 
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Work U must be Bone on a rotating object in order to produce an angular 
acceleratiob a. . 

Work U is measured in joulea* tbrgue T is meaisured in newton^-ateters: and 
angle 6 is measured in r^uixans; ^ 

For example, if a tprque .of 15 Mm is applied 4:o a grinding wh^el as it 
rotates through 15 rad,<:he work U done^ U = t9 = (15 Nm) (15'rad) = 225 J. 

Power P is analogously defined by the eqiiation 

P = TU) 

Pox exan^le, referring to the above data (t = 15 Nm, 6 = 15 rad) and 
^ssuBiing a time of 10 ^seconds (and uniform angular acceleration) t^e 
power delivered to the whe^l i? P = tu) = (15 Nm) (15 rad/10 s) — 22.5 W- 



LABORATORY 



Using commercially available equipment such as rotatable disks, rings 
and cylinders as well as a modified electric fan, the student should be 
able to measure angular displcurement ^ angular velocity, angular accelera- 
tion; he should also be able to meaisur^ the moment oi inertia of the appara- 
tus. Finally, she should be able to relate torqiie, work and ptwer to the 
various angular quantities noted above. ^ 



SOLVED PROBLEMS 



An electric fan blade assembly has a mass of 10 kg and an effective 
moment of inertia of 8 kgm^. It is rotating at 1200 rpm. Find 
its rotational kinetic energy. 



<E,, . (1/2) (s y^h C (1200 ^) (ijSf , ^i^y]' 



= (4) (leOOir^) J 64007r^ J 6.32 x 10^ J 

2. The electric fan noted above is operated by a 500 W motor. The 
shaft which is attached to the motor and fan blade assembly has 
a diameter of 6 cm* (a) What is the maximum torque available from 
, this motor at this rotational rate? (b) Such an applied .torque 
should produce an acceleration but it obviously doesn't because 
of the uniform rotation rate of the fcui. Explain. 



ERLC 



6a 



/ 
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(a) P = TO) 

T => - = — — = 3,98 Nm 

40tt rad/s 

(b) The motor torque of 3.98 Nm is balanced by fo-ctional torques 
• due to bearing and shaft friction- Also-J 0Bere is air fric- 
tion cmd energy delivered from the fan in the way of a moving 
current of air coming out of the fan. 

A meter stick has a roass^of 150 grams. Find its moment of inertia 
through a tr^sverse axis through its center. 

I r U/l^)mil^ = (1/12M0.150 kg)(l m)^ = 0.0125 kgm2 

* 

A i kg ball fe^ls from rest down a smooth incline 10 metc-rs high. 
Find its linear speed when it is at the bottom of. the incline.,; 

..A ^ 

(Ey) = (E ) + {E„) = total mechanical energy at bottom ^; 
* ' ^ ^ T , R 

= (l/2)mV^ + (1/2)10)^ 

= (l/2)(m)(V^) + (1/2) (2/5 mr^) (V/r)^ 

= (l/2)mV^ + (l/5)mV^ = (7/10)mV^' 

= total mechanical energy at top (conservation 
of energy) 

= mgh " ^ \ 

.\ tpgh = (7/10) mV^ 

= (10/7) gh ^ - ^ 



V = /(10/77gh 

^ / (lO) (9.8m/s-;n i0jn) . y^ioTT m/s ^ ^ m/s 



7 

V = 11.8 m/s 



STUDENT PROBLEMS 
# 



1. Coit^jute the moment of inertia of a 5 kilogram wheel having a radius 
of 0-5, meters, ^ssume all of the mass of the wheel is in its rim. 



(1.25 kgm^) 
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2r An electric motor runs at 180(Lxpm and is rated as a 200 W motor. 

How much torque ^does it deliver? J 

(1,06 NBi) 

3. A cord 4 m long is wrapped around the axle of a wheel. The cord 
is pulled with a cpnstant force of 30 N. When the cord leaves the 
axle, the wheel is rotating at 120 rpm* Find the aciDent of inertia 
of the wheel and axle. 

— " — — ^ (1.52 kgm^) 



END OF CHAPTER PROBLEMS j 

I. An electfic motor runs at 1800 rpm and is reted at 1200 If. How nuch 
torque can it de^liver? 

^ (6.37 Nm> 

2/ The drive wheel of a belt drive attached to an electric motor has. a 
radius of 10 cm. The drive whejel rotates at 18M)0^^r^. - The tensicm 
in the belt is 100 N cm the slack side and 400 H on the taut side* 
Find the power transmitted by the belt. 

(5.65 X 10^ W) 

3. A circular disk has a radius of 10 cm and a mass of 2 kg. Find Its 
moment of inertia. 

(O.OIQ kgm^) 

o 

4. A duiiyt>bell rotates about am axis through rts center of mass, per- 
pendicular to the dumbbell axis. Each mass is 0.50 kg, the distance 
between the masses is 0.30 m and the cmgular velocity is 5 rad/s. 

(a) Find the speed of each mass. (b) Calculate the kinetic energy 
of the system. - ' 

((a) 0.75 in/s? (b) 0.28 J) 

5. The flywheel in a typical .autcmc^ile engine has a mass of 10 kg 
and a^ radius of about 20 cm. Assume that the mass is distributed 
uniformly throughout the disk. (a) Find the rotational kinetic 
energy of this flywheel at 5000 rpm. (b) Find the kinetic energy 
of a car moving at 50 mph (eissume a mass of 1500 kg). (c) Conqpare 
and contrast results of (a) and (b). 

((a.) 2.74 x lO"^ Jr (b) 3.75 x 10^ J; 



(c) of flywheel - 10* auto) 



CHAPTER IV 
TEMPERATURE AND HEAT 
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section' 1 - TEMPERATtJRE SCALES AND MEASUREMENTS \ \ " 

■ ^ \ 

There are^ three teggperature scales that are generally used: the Ce\Lsi\jis ( c^nti 
I grade) scale , the Fahrenheit scale and the Kelvin (absolute) scaled 

.--'^^'^ , ' \ 

On the Celsius scale water freezes at 0°C and boils at lOO^C; oif 
the Fahrenheit scale (°F) water freezes at 32°f and boils a. 212^. jOn 
the Kelvin scale (°K) water freezes at 273°K. and boils at 373°K. 

The conversion factors relating the various scales are 

I 

Ten^- (^C) =-5/9 Remp (^Fi - 321 °C 

Teirp, (^) = (9/5|Tenp (°C) + 323)^ - , 

Tenqp- (°K) = (remp (°eV,+ 273]^K 

Also, a change of 1 centigrade degree (C°) is equivalent to a change of 
9/5 Fahrenheit degree (F^) and to a change of 1 Kelvin decree (K°) 

For example, a temperature of lOO^F is equivalent to 
' 100° F = 5/9 [lOO - 323 °C = 37.8°C 

= [37.8 + 273 'J^K*^ 311^K 

When a solid object df length i is subjected to a temperature Change AT 
its length changes by Ail. 

/<- 

where a, the coefficient of linear expemsion , is a characteristic of the 
material, a is measured in units of 1/C°, (or 1/F°) ,*Jl in meters (or any 
other suitable length unit) and At in C°. A positive AT normally producese 
a positive Ag> and a negative AT normally produces a negative A£ 7 



)-Vc°) 

its temperature changed from 20 to lOO^C, its length will <Aange by 



For example, if a copper rod (a = 17 x 10 /C ) of length 1^5 meters has 

(As 



AA = ailAT = (17 X 10"Vc°)(1.5 m) (100 - 20)C^ » 0.0020 m 
Table 1 gives values of *^ for some common materials. 



♦These values arc true at a "standard*' atmospheric prnssure, 



1 atm = 1/-013 X 10 ^ Pa. <* 




Table 1 



Coefficuents of linear expansion, a 





Coefficient, 


Coefficient, 


Substance 


10-5/O(» 


X X0~5/Of 


; Aluminiutt . 


2.4 


1.3 


Brass . 


1.8 




Concrete 


0.7-1.2 


D.4-0.7 


Copper 


1.7 


0.94 


Iron 


1.2* 


0.67 


Lead 


3.0 


1.7 


Quartz 


0.05 


0.008 


-Silver 


2.0 


1.1 


Steel * 


1.1-1.2 


.0.67 



A Bimetallic Strip is a device constructed by attaching a thin strip of 
one metal to a thin strip of another metal (iron'and brass are typical 
metals used) t If the <;ombination is straight at one teinperature it will 
bend at lower and higher temperatures. For a strip clanged at one end 
(a brass-iron strip) 

As = (L^V2d) (a^ - aj)AT 

jKhere As is the distance traveled by ftee end of strip, is length of . 
I strip, 2d is the thickness of strip, AT is the tender ature chafcnge and 

otg/a^ are- the respective linear expansion coefficients of brass and iron. 

The deflection As is much greater than the linear expansion (contraction) 

of rttxAer mat.erial. 

Obviously, such a device can be used as a thermometer. 

When a volume V is subjected to a temperature change AT, its volume changes 
by AV 

A 

AV = 0/AT - Liquids 

AV = (3a)VAT - "Isotropic Solids" 

where g, the coefficient of volume expansion , is a characteristic of the 
liquid, a is the previously defined linear expansion coefficient. 6 is 
measured in units of 1/C® (or 1/F^). A positive AT normally produces a 
positive AV and n negative AT normally provides a negative AV. 

For example, if 10 cm"^ of mr^rcury (f = 18 x 10*" Vc^) is heated from 
O^C to lOO^C, its volume will change by 



AV = SVAT = (18 X 10"Vc°H10 cm*^) (100 C°) = 0.18 cm 
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When a solid container holding a liquid is heated (or cooled) , both the 
container and the liquid expand (contract) . The net appareatt chemge in 
the volume of the iiqald equals t.he difference between the two expansions 
(contractions), that is, 

AV = ( e - 3a)VAT 

In a liquid in glass thermometer a temperature chabge produces a volume 
change in the liquid ( (alcohol + water) or mercury, usually), and a con- 
sequent change in the length of the liquid volume in. the thermometer stem. 

For example, if a temperature change of 10 degrees produces a length chang 
of 0.50 cm, then a change of 50 degrees will produjce a change of 2.5 cm. 

Table 2 gives values of g for some common liquids. 

♦) 

Table 2 

Coefficients of volume expansion, B 



Substance 


Coefficient, 
X 10" V°c 


Coefficient , 
X 10"4/^F 


Ethyl alcohol 


11 


6.1 . ' 


Glass (average) 


0.2 


0.1 


Glycerin 


5.1 


2.8 


Ice 


0.5 


0.3 


Mercury 


1.8 


1.0 


Pyrex glass 


0-09 


0.05 


Water 


2.1 


1.2 



The resistance of a conductor is a function of tenyerature . If a certaxn 
conductor has a resistance at O^C and its temperature is changed by AT, 
then its new resistance R will be 



R = 



R (1 + kAT) 
o 



where k, the tenpey^ature coefficient of resistance , is measured in 1/C 
R and Rq are measur^ in ohms and AT is in C^. 

In platinum resistance thermometers a temperature change in the wire 
produces a resistance change in the circuit and a consequent current 
change which may be read directly as a temperature. 



Ted:>le 3 gives values of k as well as other useful values for various 
metals. 
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Table 3 

Properties of Metals as Conductors 







Temperature 






1 


Resistivity 


Coefficient of 








(at 20^0, 


Resistance 


Density 


Melting 




(o^UB^m) 


k (per C^) 


(g /cm^) 


Point' (°C) 


Aluminum 


-8 

2.8 X 10 


3i9 X 


10-^ 


2.7 


f C A 

659 




1.7 X 10*® , 


3.9 X 


10-^ 


8.9 


idso 


Carbor4 (amorphous ) 
Iron 


3:5 X 107^ 
1.0 X 10^^ 


-5 X 
^5.0 X 


10-^ 

10-^ 


1.9 — 
• 

7.8 


3500 
1530 


Nangonin 


4.4 X 10'*^ . 


1 X 


10-5 


8.4 


910 


Nickel 


7.8 X 10"® 


6 X 


10-^ 


8.9 


1450 


Silver 


1.6 X 10'® 


318 X 


10-^ 


10.5 


960 


. Steel 


1.8 X 10"^ 


3 X 


10-^ 


7.7 


1510 


Wolf raun (tungsten ) 


5.6 X 10'® 


4.5 X 


10-^ . 


19 


3400 



r 



Aotypical curve relating resistance to temperature is given below: 




o 
4^ 

(A 
(0 

50 100 150 
T&i^r ature (^C ) 

A thermocouple is a device in which two junctions of dissimilar metals 
(copper and constantan, for example) are kept at different temperatures. 
When prc^erly connected to a voltage indicating device^ a voltage will be 
developed which is proportional to the temperature difference of l.h'? tw^j 
jlinctions. One junction is normally kept at a reference tr-mf^oraturo of 
b^C. 

A typical curve describing such a device is given below: 



i H 1 1 

' 0 50 100 150 200 

Temperature Difference (C°) 

A thermistor is a device whose resistance changes non-linearly with 
temperature . When coiuiected to a_ proper electric circuit^such a device 
can be used to measure temperature. 

A typical curve describing such a device i$ given below: 




/ 



Temperature ( C) 



LABbRATORY . ^ . 

The student shovxld be able* to use a variety of ten^ratiire measuring 
devices (liquid in gla^s^ thf xmocouple , thermistor, resisteuice thermcsnieters , 
for exanple) to measuce theAeoperature of various objects .(liquids^ g^^es, 
operating electronic conqp<^ents, operating hpusehold appliances ^ etc.). 



SOLVED PTOBLEHS 

1. Ethyl alcohol freezes at about -117^C. What are the corresponding 
Fahrenheit and Kelvio readings? 

« 9/5(|Teinp(^C)J + 32)^ 

= (9/5t-117)^'^ ^2)''f > > 

- • = ^179^ Jl 

• I — 

= (-117 4- 273)°K 
' 156°K 

2. A ste^l tape measure (calibrated at 20 C) measures the leAgth of a 
copper rod qg^lOO.OO cm at 10°<^. ' What is the actual length of the^ 
rod? ^ ' . 

The steel tape is short at lO^C 

^ Li alLLT 

' " . ■ ^= aT = (iJ-p^) (loc°) = 11 X 10-5 

y.,- • = 1.1 X 10 ^ 

= o.oooii 
= 0.011% 



FRir 



That is, the 'tape is shoft by 0.011%. 

„. 99.989% 100% 

Finally, T—r*r— = -— — 

^ 100.00 cm X 



^ _ ( 100) (100) cm _ , ni ^ 




3. The resistance of a coil of insulated copper wire is 4.000 ^ 
at 20°C. fxnd its- tresis tanqe R2QQ at 200°C. Such conditions as . 
these might simulate the operation of an electric heating appliance 
(toaster, space heater, etc.). 



R^^ = 4.000 Q = R^d + kAT) 
^ J o 



= R fl + (3.9xl0"Vc°) (20C°)1 

O** - 



= (1.078)R^ 

R = i.222JI= 3.711 Q ■ 

o 1.078 



^200 " ^•'71. ^D" {^-^ ^ 10"VC°) (200C°)] 
= 6.60 



4. In a typical application of a thermocouple thermometer the voltage 
developed is about 5 millivolts. The reference junction is ?^pt at 
O^C. Find the temperature of the hotter junction. 

From graph above (page 62) 5 mV corresponds to about 110-115^C, 



STUDENT PROBLEMS 

1. At what temperatuie are the Fal-.renheit and Centigrade readings 
identical? What is the equiv:iient Kelvin reading? 

(-40^0; "40°F; 233°K) 

2. An accurately calibrated Pytex glass vessel (linear expansion co- ^ 
efficient = 3.0 x 10" Vc^) is filled with exactly 1 liter (=1000 cm 
= 10""^ m^) "of mercury (volume expansion coefficient = 1.8 x 10 /C ) 
at 20°C. How much it^rcury will spill over when the teit^erature is 
raised to lOO^C? ^^3^ 

3. A thermistor is being used to measure temperature. The thermistoi 
is part of a circuit ^d the resistance of the circuit, exclusive 
of the thermistor, is 50 ohms. Assuming that a constant potential 
is affiled to the circuit, by about what per cent will the current 
in the circuit change if the thermistor temperature goes from 20 C 



to lOO^C? 



(about 20% increase in current) 



A brass-iron bimetallic strip of length 25 cm, thickness 0.5 cm, 
is straight at 25°C. . One end of the strip is clamped a^d the strip 
is heated to 425°C. By what distance will the free end of the strip 
gravel? \ (3 ^m) 

. 6'j . " 



\ 

SECTION 2 - SPECIFIC HEAT \ ' • 

^ \^ 

Heat is a form of energy associated with th^ \rajidoin 3iK3t;ion of the mole'* 
cules of a substance * An increased tenperatui^e implies^ an increased 
random motion \ \ 

Heat Energy is. measured in 'units of calories (cal),. kilo^lories (kcal) , 
and British thermal units (Btu) . 

1 calorie of h^at energy is ^required ro raise the teihperature 
of 1 gram of water by 1 celsius degree (specifically If ram 
^ 14.5 to 15.5^C). >^ , j 

( 1 calorie = 4,185 joules 

1 kilQcalorie (k'cal or kg-cai) equals 1000 calories/ ot 

1 kilocalorie =^ 4185 joules / 

' / ' , 

1 British thermal unit of heat energy is required^ to raise 

the teii5>erature of 1 pound of water by 1 Fahrenheit degree 

(specifically from 63 to 64%) . / 

1 Btu'== 778 ft-lb = 252 cal Wo.252 kcal 

( NCiTE ; The relationship 1 kcal = 4185 J is sometimes referred 
to as the mechanical equiv alent of he4t > 

*^ 

The Heat j::apacity of a body is the qxiantity o,f l^ieat needed to raise the 
ten5>erature of the body by one degree. It is measured in kcal/C or 
Btu/F°- , ; / 

The Specific He at c of a body is the quantity (Lf heat needed to raise 
unit mass of the body by one degree. It is measured in kcal /(kg C^) or. 
Btu/(lb F°) . Numerically, the specific heat has the same value in both 
systems o^ units. That is kcal/ (kg C°) Btu/(lb F°) . 

The relationship between the heat energy Q gained (lost ) by a body 
(mass m and specific heat c) undergoing a temperature change AT is 

<^ - mcAT 

It is' assumed that the body does not un^ o a change in state. 



For examule, if a sample of lead (irass of x kg, specific heat of 0.030 
kcal/ (kg C°) > is to be heated by 50 C , the require^ i^t energy is 
Q = MncAT = (1 kg) (0.030 kcal/ (kg C°))(50 C°) = 1.5 kcal. 
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When two or n>ore objects with different teinpera€Ures are brouaht into 
contact with each other energy is cons^ervedC^^^ 

.(Heat energy lost by "hot" objects) = (H^at energy gained by "cool" objects) 

The above relationship assumes no heat energy loss (or g^in) to (from) 
the surroundings; it is .referred to as the Method of Mixtures. / 

If a device (mass m, specific heat c) is being heated electrically 
(as'u^Ing 100% effi;iency) by a power supply delivering P watts Jcyrrent 
I, voltage V)for a time t 

* pt = IVt = mcAT 

where AT is 'the temperature ch^ge and a proper choice of units must be 
made. If the heat delivering device obeys Ohm's Law^ 

2 

Pt = IVt = I^Rt = J- t = mcAT 

/ 

where R is the resistance. 

Table 4 gives' values of c for some common materials. 

Table 4 

Specific Heat of Various Materials 



— : 


^ Specific Heat 

(kcal/(kg <f) or 


Material 


Btu/(lb F°)) 


alcohol (ethyl) 


0.58 


aluminum 

copper 

glass 

ice 

iron 

lea/fl 

mercury 


0.22 
0.093 
0.20 
0.50 


0.11 


0.030 

0.033 

0.48 

1.00 

0.42 

0.092 


steeun 
water 
wood 
1 zinc 



lABORATQRY 

using the traditi6nally employed method of, mixtures, the student should 
be able to measure the specific heat of various materials. 



ERIC - 
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K\so, using such methods as the continuous flow electric calorimeter and/or 
K methods in which mechanical energy, is directly convert^^ ^to heat energy, 
the student should be able to measure the mechanical equivalent of heat. 

Finally, using traditionally accepted methods the student * should be able 
to measure the average specific heat of such devicesi as an electric toaster 
or j Ti electric iron. ' 



SOLVED PR!L.BLEMS 



i 



500 



1. How many kilocalories are n^eeded to ra^se tkeJteiX5>et??fEure of^ 
grams of aluminum from 20^C to lOO^c? / 

= mcAT = (0500 kg) (0.22 kjal/ (kg C°) ) (100 - 20)C° 
= 8. '8 kcar 

2. An*aluminum container of mass 100 grams contains 500 grams of water. 
Botl^ are at a temperature of 20°C. 500 grams of water at 80 C is then 
mixed with the cooler water. Find the final equilibrium ten^jerature T 
of the mixturfe. Assume no loss to the surroundings. 

Heat lost = Heat gained 



(0.500 kg) (1 kcal/(kg C°) ) (80 - T)C°' 



= (0.100 kg) (0.22 kcal/(kg C°) ) (T - 20) C° 
^ (0.500 kg) (1 kcal/(kg C°))(T - 20) C° 



40.0 " 0.500T= 0.022 T - 0.44 + 0.500 T 
50.44 = 1.022 T 



10.0 



T = 49.4"C » 



A 500 W electric heater is being used to heat 1 kg of .water in a 
300 g aluminum vessel. What temperature change will be produced in 
5 minutes? Assume no heat loss to the surroundings. 

Energy in = (Power) (Time) * - 

= (500 W) (300 s) = 150,000 J 

' ^ (150,000 J) (1 kcal/4185 J) 

= 35.84 kcal 
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Heat = 35.84 kcal = (0.300 kg) (0.22 kcal/{kg C°) ) (AT) 
+ (1.00 kg) (1 kcal/ (kg C°) ) iflT) 
= (0,066 + 1) (kcal/C®) (AT) 
AT = 35.84/1.066 = 33.62 



STUDENT PROBLEMS 

!• Determine the final temperature when 1 k9 of water at 20°C is mixed 
with 1.5 kg of water at 80°C. 

(56^0 

2. A 400 gram piece of material at lOO^C is lowered into a 250 gram 
aluminum container holding 500 grams of water at 20 C. The final" 
equilibrium teiqjerature of the mixture is 26.9°C. Find the specific 

heat of the material. o 

(0.131 kcal/ (kg C )) 

3. In an experiment in which water flows by an electrically heated 
resistor at a known rate the following data are collected: 



o. 



Power dissipated in resistor - 500 W 
Temperature of water entering device - 20'^C 
Temperature, of w^ter leaving device - 30°C 
Total mass of wat^r involved - 7»20 kg 
Time of flow - 10 minutes 

From this data calculate the mechanical equivalent of heat. Compare 
with the accepted value. 3 

(4.17 jc 10 JAcal) 



SECTION 3 - TRANSFER OF HEAT ^' ^ 

Heat Transfer can be accomplished through the processe^ of conduction. 



convection, radiation. 



Conduction refers to a process of heat transfer through a solid object 
or a fluid in Which energy is passed along from molccnle to molecule 
but in which there is no net motion of the molecules involved. 
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Fot exanple, for a rectangular slab of thickness L and cross-sectional 
area A with one side at tenperature and the other side at temperature 
T^, > T^i) the heat energy transferred per unit time, P, is 




k is called the thermal conductivity and is measured 
in units of W/^ C^^or kcal>^ ,m C*^ 

( NOTE ; (T^ - T^)L is sometimes referred to as the temperature gradient . 
Table 5 lists the thermal conductivities of some common materials. 



^ T^le 5 

Thermal Conductivities of Some Common Materials 



Ma tp rial 



Therma3 Conductivity 
{kcal/.(m s C°) ) 



(W/m'C°) 



Copper 

AluminuiLi \ 

Iron, Steel 

Ice 

Glass 

Wood (Oak , 
Pine) 

Rock and 
Glass Wool 

Water 

Hydrogen 

Air 



0.092 
0.051 
0.0011 
5.2 X 10"^ 



1.9 X 10 

0.38 X 10 
0.28 X 30 



-4 



-4 



0.093 X 10 
1.4 X lo""* 
0.41 X lO"^ 
0.055 X lO"' 



3.9 X 10 
2.1 X lO' 
4.6 
2.2 

o.bq! . 

0.16 
0.12 

a.039 
0.59 
-0.17 
0.023 
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Convection is a process of heat transfer in which heat energy is carried 
along by a moving fluid such as air or water. 

By analogy with the cgnduction case the heat energy transferred per 

unit time, P, by a moving current of fluid with cisbss-section A, velocity 

v,_ thickness (or length) L and a tenperature gradient (T^ - T^)/L.,is 

kA^v 



P = 



where L = B//v and B is a constant that depends upon the properties of 
the fluid such as its specific heat and viscosity. 



Radiation is a process of heat transfer in which the energy is transferred 
by means of electromagnetic waves . 

For a body of surface area A and temperature T (^K) , the heat energy 
radiated per unit time is ' 




P = eoAT 



-8 



re P is power; a, the Stefan-BpltzmcUin constant, is 5.67 x 10 

/(in^-(K^)^) and e is the emi ssivity (a pure number having no units) 

*- *t 

which depends •upon the surface of the radiating body, e is always between 

0 and 1. e = 1 for a black body (it looks' black"*at "room temperature). 

A black body is the "perfect" radiator (and absorber) . 

The above relation considers only radiation emitted by the body itself* 
The bodyr of course, absorbs radiation from the outsido and tHfe net 
radiation emitted is , ' 

P = eoAT'^AT 

where T is the temperature of the body and AT is the temperature difference 
between the body and its surroundings. 



LABORATORY 



Using commercially available equipment the student should bo , Able to 
measure the thermal conductivity of good conductors like copper and poor 
conductors like wood or cork as well as study the phenomena of tempera- 
ture lag of a cooling or warming body such as a calorimeter or a thormo- 
metcr. 



^♦Optional material 



ERLC 



7/: 



J 
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.SOLVED PROBLEMS 



An oak entry door to a house is 10 cm thick, 250 cm hi^h and 100 cm 
wide. How much heat energy will be transferred through this door 
in -8 hours if the average outside temperature is 0°C and the average 
inside ten5)erature is 2S°0jj? 



_ (0-16 W/m C°) (a.5Q m)il. 00 m) o 
0.100 V ■ (25-0)C° 



= 100 W (2 signifLccuit figures] 



( 



Heat energy through door in 8 hours is ^ 

(100 W) (8 hr) (^f^^) = 2'.9 X 10^ J 
1 hr 

= 6.9 X 10^ kcal 

2. A typical incandescent light bulb filament (tungsten) has an effec- 
tive area of 7.70 x 10"^ m2 and operates at a temperature of 2450Ok 
The emissivity of tungsten is about 0.30. Find the energy radiated 
m 1 hour. 

4 

P = caAT 

^ (0. 30) (5.67 X lo'^ W/m^(K°)^) (7.70 x 10"^m^) (2450°K)' 

X = 47.2 W 

Energy radiated m 1 hour 

^ (47.2 W) (3600 s) = 1.^0 x lU^ J 

( NOTE : Strictly speaking, answers should have only one significant 
figure.) 

STUDENT PROBLEMS 

9 

1. A typical double boiler has an aluminum vapor pan, diameter of 25 
cm and thickness of 2 mm. The lower pan contains water at 90^C and 
tiic upper pan contains milk at 5°C. Find the rate at which heat is 

trmsforred to tie milk. 

(1;1 X 10^ kcal/s) 



The human body has a normal temperature of about 98,6°F (37 C) ,^ ^ 
At what rate does it radiate per unit area? If you are in a 70 F (21 C) 
room what is your net. radiation per unit area? Assume an emissivity 
of about 0.1. 

(5 X 10^ W/m^; 3 W/m^) 



END OF CHAI^TER PROBLEMS 

1. Air conditioners are sometimes rated in^tons; 1 ton fheaiis the air 
conditioner can remove 12,000 Btu/hr from the space to which it is 
attached. 1 Btu/hr = 7 x 10"^ kcal/s. Suppose that a 1 ton air 

^ - conditioner can maintain an empty room at 70°F (21 C) when the out- 
side temperaliure is 95°F (35°C) by running half of the time. How 
many people can occupy the room without exceeding the capacity of 
the air conditioner? Each person liberates about 500 Btu/hr (about 
0.035 kcaVs) - 

_(12 people) 

2. In the winter why does the metal blade of a snow shovel fe6l colder 
than the wooden handle of the shovel? 

~^3. The sun has a diameter of about 1.39 x 10^ m and an average tempera- 
ture of about 6000°K. Assuming that the sun is a perfect black 
body how much power is radiated? (Area of a si-here of radius R is 
. 4TrR^.) 

(4.46 X 10^0 W) 



/ 
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CHAPTER V 
PROPERTIES OF GASES AND LIQUIDS 

SECTION 1 - DENSITY, SPECIFIC GRAVITY, ARCHIMEDES PRINCIPLE 
.The density p of a ^ody is defined al 

P - density = mass per unit volume 

inas3 of body _ m ^ 

volume of body V " ^ 

Typical density units are g/cm^, kg/m^, and g/liter. ^ - 

The density of water (at about 4^C) is l.OOO g/cm^ ^ 1000 kg/m^: 

The weight density 0^ df a body is defined as ^ 

^ Weight d nsity * « weight per unit volume 

, " ' \ ^ weight of bod y _ - w* 

\ volbme of body ~ y 

3 3 * 

Typical units are N/m , lb/ft . 

The weight; density of water (at about 4°C) is 62-4 lb/ft or 9800 N/m^ 

Specific Gravity is defined as 

c - e • £• o • density of body 

S.G. = Specific Gravity = ^ 1-^* ^ 

density of water, 



wn: 1 can be shown to give 



S.G. 



. mass of body 



mass of equal volume of wat'er 



_ weight of body 



weight of equal volume of .water 

Specific gravity is a pure number, independent of any uni,t system. 

3 

For exairple, the density of aluminum is 2.70 g/cm or ^700 kg/m while 
it3 specific gravity is merely 2.70, Similarly, the werght density 
of aluminum is 168 lb/ft or 26,460 N/m^. 

A table of values of density, weight density and specific gravity of 
several typical solids, liquids ^nd gases is give« below. 



TABLE 



Substance 


Density 


Density 


Weight Density 


Weight Density 


opeCXri-Cr Vjii civx 




(g/cm^) 


(kg/m^) 


(N/m^) 


(lb/ft ^) 




Aluminurn 




" 2700 


26,460 

4— 


168 


\ 2.70 


Brass 


8.70" 


, 8700 


'85, 300 


5430 


i 8.70 


J — < — 

Coppe r 


R •Q9 


1 8920 


87,400 


556 


! 8.92 


Iron 


1 


7860 


. 77,000 


490 


* /- 7.86 


Lead 


11.3 


* » r~ 

1130*0 


■ 111,000 


705 


'H:^ — 


Water 


1.000 


1000 

> 


9, 800 

-4 


62.4 


1 . OQt 


Alcohol 
(Ethvl). 


6.801 


801 


7,860 


50 


0.801 


Mercury 


isie 


13600 ^' 


133,000 


849 


13.6 


Air * 


^0.00129 


1.29 


12.6 


0.080 


0.00129' 


Helium * 


0.00018 


0.18 


1.76^ 


b.oii 


0.00018 


Oxygen * 


O.K)0143 


1.43 


14.01 


X 0.089 


0.00143 



atmosphere,. 0°C standard tempetatjire and pressure K^i^) 

- Ar chiiiiedes Principle states that a body wholly or partly immersed in 
a fluid (liquid or gas) is buoyed up by a force equal to the weight 
of the fjuid displaced by the body. 

' - Buoyancy (up force) = Fg = Weight of fluid displaced 

where p = density bf fluid displaced, = volume displaced and y = 9.8 m/s' 

For example, a helium filled balloon which displaces 0.100 m of ait 
-•(density of 1.29 Itg/m^ feel an upward buoyant force of 

(1.29 kg/m3) (0.100 m^) (9.8 m/s ) = 1.26 N. 

. For solid's with a density greater than water 

- _ weight in air' 

Specific Gravity - (^g^ght in air) - (apparent weight in water) 

NOTE: Thp buoyant offect'of the air is neglected here since it is very 
small comparod" to the buoyant effect of water. 
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One method used to measure the specific gravity of liquids involves 
measuring the mass of a solid \n air, when submerged in water and 
when submerged in the liquid. Here 

specific Gravity of liquid = "^ss displaced liquid 



mass of equal volume of water 
NOTE: Again We neglect buoyancy of air effect. 



LABORATORY 



3 



Using a variety of length measuring devices (meter stick / vernier 
caliper, micrometer caliper, etc.) a variety of mass measuring devices 
(spring balances, double pan balances, substitution type balances, etc ) 
as well as graduated cylinders, specific gravity bottles, etc., a student 
should be able to measure the density, weight density and specific gravity 
of various solids and liquids. 

WORKED EXAMPLES (Neglect buoyancy of air.) 

1- Find the density p, the weight density p and the soecific gravity 
of a sample of iron ore if 5.50 m^ has admass of 38,500 kg. 

^ density = p = I^S^J^ = ^000 ^ = 7.00 x 10^ kg/m^ 
5.50 

weight density p = (7000 ^) (9.8 m/&") = 68,600 ^ ^.86 x 10*^ N/m 
g m^ 

1 

Specific Gravitv = S.G. ^ density of iron / 

density of water 

7000 kg/m^ 
1000 kg/m^ 

= 7.00 

2. A helium filled balloon rises when released because the upward ^ 
buoyant force on the balloon exceeds the downward force of gravity 
on the balloon and its contents. Helium is a "lighter" substance 
than air. How large a balloon will be needed to support a 150 lb 
person? (Neglect the weight of the balloon and helium.) 

The upward buoyant force F must be at least 150 pounds. The 
volume of air V which will have this weight is qiv(?n 
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_ !b_ _ t lSO lb) (4.45 N/1.00 lb ) _ g ^^3 
~ p g ~ (1. 29 kgym^) (9-8 m/s^) 

An object has a mass of 71 g in air and apparent masses of 43 g 
in water and 20 g in sulfuric acid. Find the specific gravity of 
the acid. 

mass of displaced acid 

mass of equal volume of water 

apparent loss of weight in acid 
apparent loss of weight in water/ 

^ J7r- 20) g ^ |1 , 3^ 82 
(71 - ^3) g 28 

A sample has a mass of ^50 g ip aLt^nd a6 apparent mass of 40 g 
in water. Find its specific gravity. 

weiqht in air ^0 9 _ 5.00 

apparent weight loss in water 10 g 



STUDENT P.<OBL£MS 

1. Find the weight (in pounds) of 4 /t^ of */ater, aluminum, mercury. 

3 



(250 lb; 672 lb:-3.40 x 10 lb) 

2 A typical circular backyard swimming pool has a diameter of 15 feet 
and a depth ^of 4 feet.' Find the weight of the water in this pool. 
Compare this to the weight of an automobile - 
\ ' (4.41 X 10^ lb; about 15 autos have 

same weight) 

2 

NOTE ; Volume of cylinder 1""^^^ 

where D = diameter 

h = depth (height) 

3. A solid measures 1000 g in air and 600 g in a liquid whose specific 
gravity is 0.700. Find the specific gr.avity of the solid. 

(1.75) 

.4. A metal sphere has a diameter of 10 cm and a mass of 4,000 g. 
Find its density in q/aa , in kgV. (Volum^ of sphere 
equals 4/3lTR^; where R = radius.) 

3 3 3 

(7.64 q/cm ; 7.64 X 10 kq/m ) 

O 



r 
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SECTION 2 - PHASE. CHANGES 

Any substance which ha^ a definite chemical conposition will exist 
one of four phases ; s olid^ liquid^ gasy or plasma . 

I 

The heat of fusion H^ of a^olid is the amount of heat energy Q needed 
to change a unit mass of the solid into a unit mass of liquid wit^ut— 
a change in temperatuare. 

Heat of fusion of ice = 80 kcal/kg, (at O^C and 1 atmosphere of pressure 



= 144 Btu/lb (at 32^F and 1 atmosphere of pr^ssi»re) 



Exampj 



How much heat Q is needed to melt 20 grams of ice at g9d 

= (0-^200 kg) (8D kcal/kg) ^ 1.60 kcal ' , ' 

The heat of vaporization H^ of a liquid is the amount of heat enerlgy Q 
needed to change a unit mass of the liquid into a unit mass of gas with- 
out a change in temperature. 

Heat of vaporization of water = 540 kcal/kg, (at lOO^C and 1 

atmosphere of pr*essure) 

= 972 Btu/lb, (at 212^? and 1 
^ atmosphere of pressure) 

Exait^le . 

How much heat Q must be /Removed from 20 g of water vapor or steam at 
lOO^C to condense it- to liquid ot the same temperature? 

Q = niH 
^ V 

= jO-0200 kg) (540 kcal/kg.) 

= 10.8 kcal ^- 

A plasm a occurs when enough heat has been added to a gas to cause the 
molecules to break up into pairs of electrically charged particles called 
ions. 

NOTE; Students should review the material of Chapter IV which deals with 
specific heat and the^ method of mixtures . 
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LABORATORY 



Students should be able to use thermoraeters , calorimeters, steam traps, 
boilers, thermistors, etc. to measure heats of fusion and vaporization. 



WORKES EXAMPLES 



1- Find the final equilibrium temperature T when 200 g of ice at 0 C 
and 400 g of water ^at 50°C are mixed together. 

Heat gained by ice = Heat lest by warm water 

. (0.200 kg) (80 koal/kq) + (0.200 kg),(l kcal/(k<^ vJ deg)(T-0)C° 

= (0.400 kg) (1 kcai/(kg C°>) (50-T)C° 

or }l&.-<r +^0.200 T = 20.0 0-400 T - 20.0 

0.600 T = 4.0 
T = 6.7°C 

2. A vessel contains 5ob g of -ater and 300 g of ice - Muilibrium tem- 
perature of 0°C. 100 g of .<-team at lOO^C is Introdufced into the mix- 
ture. Describe what happens. 

Keat.lost bv steam = Heat gained by ice and v/atgjr 

(0'.;00 1;g)i(b40 kcal/kg) + (0.100 kg) (1 kcal/(kg C°)) (100-T)C° 

- 'i ^ 'A 

= (0.300 kg) (80 kcal/kg) + (0. 300' kg) (1 Kcal/ (kg C°) ) (T-O)C^ 



+ <0.500 kg) (1 kcal/(kg C°))(T-0)C*^ 



0 '+ 0.3ol T + 0. 



54.0i+ 10.0 - 0.100 T = 24.0 ;+ 0.300 T + 0.500 T 

i ■ ^ 

' ' .40.0 = 0.900 T : , 

T = 44.4°C \ 



You have 900 g of waiter at 44.4°C. 



r 

STUDENT PROBLEMS 



1. How much heat is absorbed when 140 g of ice (O^C) is melted? 
' . ' * * (11.2 kcal) 

ERIC i^.. ^ 
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3f water i 

all away? 



0.500 kg of water is at 20°r. How much heat is needed to boil it 

(310 kcal) 

\ 



A Student takes the following data in d lab situation measuring the 
heat of fusion of ice (ice is at 0°C) : 

calorimeter mass = 60 g 

water in calorimeter = 400 c; 
total mass of calorimetei;^-, » j 

water and ice adde^"' = 618 g 

initial temp, of water = 38°C 

equilibrium temp. =^.5°C 

c (calorimeter) =0.10 cal/g°C 



79.8 kcal/kg) 



Find the heat of fusion of ice. 

SECTIOr 3 - PRESSURE AND ITS MEASUREMENT 
_ . , 

/ ^ force ^ F 

Pressure = p = — 

area A 

NOTE : Force F must be perpendicular to area A. 

lb lb N N . 

Units of pressure - '^~2' — J' ~T' ~ pascal (Pa) 

ft in m m 

Example - v ; 

Find tlj^pressure' on the bottom of a cubical container, 1 ft on ^ side , 
of water, 

^ \ 

r The total force on the bottom of the container is 62.4 lb (water 
^* weighs 62.4 lb/ft ). The totcfi. surtace area of the bo*:tom of the con- 

tainer is (1 ft) (1 ft) = 1 ft^, or 144 in^. 

^ p = !:.62,^^^_^33ib^^^^^^.Tr 



144 in in ft 

'^^^ pj^essure P d^e to any c olumn of fluid of height h and density P is 

P ^ pgh C 
wliere g = acceleration of gravity. 

Pressure depends only on the depth of the fluid and not the shape of the 
container. 



\ 



^ aiy le . 

' What is the pressure (in Ib/in^) at the bottom of ^ 34 foot vertical 
:water pipe? 

2 

P:= pgh= (62.4^^X34 ft) = (2121.6 ^) — 14.7 ^ 
ft ^ let 144 in iny 

Atmospheric Pressure , Air exerts a pressure on any object immersed in 
it. This pressure varies somewhat, depending uprn one's location on the 
surface of the earth; It drops as on6 goes above the surface of the 
eyth. By ^convention and measurement the standard sea level value is 

2 

1 atmosphere (atm) = 14.70 lb/in 

= 1.013 X 10^ N/m^ 
\ = 1.013 X 10^ Pa (pasQals) 

= 1013 millibars \ 
='7^ cm of mercury ^ 

Pascal's Principle : Pressure charts applied to one part of an enclosed 
fluid (liquid or gas) are trai}Sit{Ptted undiminished to all other parts 
of the enclosed fluid. 

Example . / 

V 

Find' the total pr^Sfiure P^q^ at a depth of 20 cm in an open container of 
water. Total pressure is equal to atmospheriQ pressure Patm pl^s pres- 
sure due to« the water P, 



P = P + P 
tot atm 



/ 
/ 



/ ^ = l.aiSjc 10^ ^ + pqh * / 

r, . ^ 

' = 1.013 X 10^ ^ + (10^ ^) (9.8 ^) (0.200 m) 

' ' • n ni s 

0= .;.033 X 40 N/m^ 

An hydraulic jack, lift or press consists of two connected cylinders - 
one has a ^ery small crcss-sectional area a aijid th^a Qx.her a very large 



/ 



cross-sectional area A. 

A weight placed on the larger piston can be li 
on the small piston. According to Pascal's Principle 

8u 



/ 

ft^ by applying a force 
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P ^' P = P 

small pistoji' large piston 

p ^ force ^on sjRall piston (f)> _ weight on large piston (W) 
area of/Small piston (a) area of large piston (A) 



f 
a 



w 

A 



much force f must be exerted on the small piston of a hydraulic lift 
order to raise cui automobile weighing ^r^T^O N? The a^eas of the 



pistons are; 4 cm^ and 1000 cm^ 



A cm 



LABORATORY 




(16,000 N) 



The student should be able X^^jij^ pressure measuring devices 
be able to verify Pascal's PriJ-iCiple on ai^ hydraulic device. 



should 



WORKED EXAMPLES 



An open container filled witK a fluid of dfinsity p was fitted with < 
tight fitting piston of ar^ A. Another force F was applied to the 
pist:>n. Find th^ pressure at a depth h below the surface. 



P. = P^ -f- pgh 



+ pgh 



If the force F was increased^ then the change in pressure-wouid be 
transmitted without loss throughout the whole confined liquid. 

/ 

STUDENT ^ PRORLh:MS ^ 

1. What xs the pressure at the base 'of a rolumn ot mercifry 7^0.0 mm 

high if p for mercury = 13.60 x 10 kq/m^? 

(1.013 X :o- N/m^) 



ERIC 
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A ballerina woiqhinq 105 lbs stands on one toe.^ Tho area of 
contact between her toe and the floor is 2.5 in . What pressure 



does she exert on the floor? 



(42 lbs/in^ = 3 atm) 



3. An hydraulic barber chair has a large cylinder with an area of 120 cm 
and a ,sinall cylinder with aniarea of 4 cin^- How much downward force 
must be apRj.ied\on the small cylinder to lift the chair and customer 
(total weight 250 lbs)? 

^ (8.33 lbs) 

4. What IS the total pressure on a swimmer who is 1.50 m below the surface 
of the sea? .(Density of sea wate'^ is 1025 kq/m^.) 

V (1.16 X 10^ N/m^ =16.9 Ib/in^ 

^ ' =1.15 atm) 




SECTION 4 - GAS LAWS 



Boyle's Law : Liquids and solids^ are considered to be virtually in- 
compressible. However, gases undergo volume changes with changes ih pres - 
sure ( constant temperature ) . Boyle's Law states: 

(Pressure) (Volume) = Constant, (for constant temperature) 



or 



(T = constant) 



where P and V are the initi?! -pressure and volume 

and P' and are the final pressure anc" ^'Olune. 
2 f 2 



^Hxamgle./ 
1500 cm^ 

IS now compressed 
be the final pressure? 



5 2 

of air is contained in a cylinder at 10 N/m . If this air 
mpressed to 300 cm without a change in temperature what will 



P,V^ = P2V2 



^2 ■■■ir- (i^^) = (10^ ^) (if) = 5.00 X 

X 2 . m 



10 



5 N 



300 cm 



Gay Lussac's Law states that the volurte of an enclosed gas at constant 
pressure is directly proportional to its tenperature_ (^K) , or 

V ^ kT^ (for constant pressure) 

where k is a constant of proportionality 



ERLC 



or 



k ^ 



8V 



or 



^1 ^2 

TT' - = constant) 

1 ^2 



Example 



A container is filled with 10 m of gas at 27°C- The temperature is then 
raised to 87 C while t.he volume increases in order tb maintain equal 
pressure- Find this new volume- ' \ , . . 

_1 ^ _2 . \ • ^.K ' ' 

T T ' ^ ' 

12 ' \ 

V = T = + 273°)K ^ ( 10 m^) (360 ) _ , ^ 3 

2 2 (270 + 2730)K (300) ^ 

Charles' Law states that pressure of a confined gas at constant 
volume is directly proportional to the temperature , where T is m 
deqrees Kelvin- ^ 



P ' '^'T , ~ — (yCun^tant volume) 



(k is a proportionality constant-) 



^1 " ^2 



(V = constant) 



Example . \ " . 

A balloon is inf latedl 1;!o a pressure' of 3 x"ia, N/m ^ its temperature 
is 7°C. The .gas is hfeated to 35°C. What is'^^he hew pressure, assuming 
volume remains constant? 

p -p ^= ( 3 X IQ^ N 35°C + 273)K 3 x 10^ N 308. , --5N 
"^2-^7^-^ ^2 ' ^ 7°C + 273)K " 'W^^"^"'^-^" ni^ 

The Gen/ral Gas l>aw states that the product of pressure and volume : i s 
directly proporti^ial to the Kelvin temperature - 

PV = kT or k — 

where k is a proportionality constant.^ 
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xample . , 

Nitrogen is stored in tanks, at lli^V- and 10^ N/m^ pressure. If 5 litei^ 
at this tenperature emd pressure are put into a 1 liter tank at 27 C, \ 



tenperature cmd pressure are put 
what is the pressure in the tank? 



P V P V 

2 2 *^ri 



^2 • 

^2 = ^ <^ ^> 

= (i^)(t)(|i) = 3.ooxio^^L 

m m . . 

Gauge Pressure . Most pressure measuriTng gauges give readings which indi 
cate the difference between the actual pressure on a gas an d the atmos- 
pheric pressure. For exaoqple, if an automobile ,tire gauge xeads 30 
"pounds", this means that the pressure in the tire is Actually abput 
45 Ib/in^. ' ' 



LABORATOi^Y 



The student should be adjle to verify the proportionality of pressure 
to temperature and find the absolute zero point by extrapolation. 

Also, the student should be able to verj-fy Boyle's Law and Charles' Law. 



STUDENT PROBLEMS 

1. 3 liters of hydrogen is at 26.8^C and 1 atmosphere of pressure. 

It then is compressed to 2 liters at a pressure of 1.80 atmosphere. 
Find the new temperature of the gas* 

(36Q°K) 

' o ' " 2 

2. An automobile tire when cold (27 C) has a pressure of 45 lbs/in 

(30 lbs/in^ + atmospheric). , After being driven 100 miles', the 
temperature of the encl6sed air has risen to 52®C. What is the new 
pressure? ^ ' , - . 

(48.8 lbs/in^) 

3. . A bubble rises from the bottom of a lake where the water alone pro- 

duces *a pressure of 2 atmospheres* If the volume of the bubble 
is rs cnf at the bottom, Wliat is i.ts volume when it reaches the 
•' ^ , surface, assuming no temperature change? 

. ' ' . (45* cm^) . 
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SECTION 5 - HYDRCOYKAMICS ^ 

Discharge Rate Q is the 'volume V per second of a fluid that flows 
I through a. full pipe of cross-sectional area A. 

Q = ;^ = Av, where v = velocity of the fluid. 

When there are different cross-sect^nal areas (A^.. A^, A^, ...) in the pipe^ 

'I'l "2^2 "3'3 



ERJC. 



a A,v, = A^v^ = A^v^ = ... 



Example . 

One end of a circular pipe^has a Radius r^^ of 3 in. while the other end 
has a radius ^2 of 6 in. The velocity of the fluid in the 3 inch 
section is 6 ft/s. Find the Uelocity v^ in the 6 inch section, 

^^2 ^ Vl ' . , . . 

2 

- ^1 ""^l (3 inj^ ft- 9 , ' ft- . _ 

V = — V, = V. = ^ 6 — ) (6 — ) =1.50 — 

•2 1 2 1 . ,2 s 36 s 5 

2 Tir^ / (6 inj 

j Torricelli ' s Theorem states that the velocity \ f outflow of a fluid 
from a container of th^ fluid fill<=^d to a distance h above the opening 
will have the sarre spe«!d as if the liquid had fallen from the same 
height. Tha1rT.s, 

V = /2gh 



A tank of waterViheight = 10 ^t) is sitting on the ground. A valve 

is^ opened 1 ft a^>ove the ground. How fast will the water flow from the 

opening? \ 

V = /2qYi 

= /2 X' (32 ft/s2) (10 ft - 1 ft) 
= /57b ft^/s^ 
=24.0 ft/s 



Bernoullj's Theoc^ states that the work done in trpinsportating an 
incompressible ^uid through a frictionless pipe is equal to-^e c.iange 
•in the total ruechanical energy of the fluid. 
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(P/ p )!!^ = inv_ + mgh^ inv_ + ingh_ ) 



or 



2»^ ml 2 



where m is t^e mass of the fluid, p is its density, P^^, and h^ are the 
pressure, speed and height of the* fluid at one point in the stream; and 
^2 '^2 pressure, speed- and height at some other point in 

the stream, h-^ and h2 are measured with respect to some arbitrarily 
chosen level. 

3tated m other, ways, along a stream of incompressible fluid 
„ m 1 2 

P ^ + - mv + mgn = constant (energy form) 



P + ' - = constant 



P v' 

7;r + + h - constant 
pg 2g 



(pressure form) 
(height form) 



Excunple . 

Fluid flows through a horizontal pipe at a rate of 6 ft^/s at a place 
where' the c^c^ss-sectional area A^^ is 0.200 ft^ and the pressure P^ is 
30 lb/in2. What would be the pressure P2 at a point where the cross- 
sectional area A2 is 0.150 ft^? 

12 12 
Pj^ + J PVj^ + pgh^ ^ ^2 2 ^'^2 * 0^^^2 

0 Q 

Now, h^ = h^ and jfgh^^ = Pgh^ and ^1 ^ ^ ^2 A 

1 2 „ 1 2 * ' 

P_ + :r Pv, = p + - Ov- 



id 
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/ 



= (30 



^0 



62.4 Ib/tt )/(32 ft / 
2 



6 ftVs ' ^2 ^ ^ 6 ftVs 
0.150 ft' 



0.200 ft 



= 4320 ^ + 0.975 (900 ^ - 1600 ^) 

ft ft s s 

= 4320 ^ + 0.975 — (-700) 
ft^ ft^ 

= 4320 ^ - 682.5 ^ 
ft^ ft 

= 3637.5 — 
< ft 

= 3.64 X 10^ Ib/ft^ = 25.3 Ib/in^ 



' "Phe Work Done in forcing a volume of fluid through a pipe against an 
^ opposing pressure is given by 

Work = (average pressure) (volume) 

W = PV 

a 

Exagple , 

What would be the work done in forcing 100 ft^ of water into a water main 
against a pressure of 20 Ib/in^? 

W = PV 

^' • = (2oi\)(i^^)(:oo ft^) 

in ft 
= 2-88 X 10^ ft lb 



LABORATORY . ' ' 

The student should be able to use compression balances , spring balances, 
platform scales, pressure gauges such as Bourdon gauges, hydraulic ^acks, 
hydraulic valves, and volume measuring devices and thus study various 
aspects of moving fluids. 



STUDENT PROBLEMS 
. ^ 

i. A siphon is a hose or :ube that can be used to move a fluid ov6?r some 
obstruction from pne container to anotfier at a lower leVel,. If the 
lower end of a siphon is 2 ft below the level of the fluid beinq 
siphoned, find the rate of * flow of the fluid out of the siphon. 

. (11.3 ft/s) 
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2. A tank holdmq qasoJ ine has a 1 cV hole punched m it 2.50 m below the level 
of the liquid lu :,he tank. What is the rate at which this gasoline will flow 
out of the tank? (0.700 liters/s) 

3. water is punned in an irrigation system so that it causes a 4 in. diameter 
horizontal pipe to remain full at an average water velocity of 10 ft/s. How 
many <!ubic^ foot per second goes through the pipe? 

(0.873 ft^/s) 

4. How long would it take the pun^ in #3 to pump 1 acre-foot of water. 1 acre- 
foot means that an area of one acre will be covered with 1 foot of. water. 1 
acre foot = 43,560 ft^. g hours) 

5. Two pipes at the same horizontal level are 6 in. in diameter and 2 in. in dia- 
met;er. These pipes are connected. Water flows through the 6 in. ^ection at 

a rate of 2 tt/s with a pressure of 15 Ib/in^. Find the velocity and the pres- 
sure where the diameter drops to 2 in. (18.0 ft/s; 1.^5 x 10^ Ib/ft^) 

ENT) OF CHAPTER PROBLEMS 

1. A solid metal ball with a specific gravity 7.7 weighs 5 lb in air, and 4.55 lb 
when immersed in a liquid. Find the specific gravity of the liquid. 

(0.69) 

2. How fnuch heat is needed to change 150 g of ice at -40° F into 140 g of steam at 
300° F? (28.1 kcal) 

3. 400 q of water and 100 g of ice ^re mixed together in a tainer and are in 
equilibrium at 0° C. 300 g of steam at 100° C are fed :nto the mixture. Find 
the final equilibrium temperature. Describe the final mixture. 

(<a) 100° C; 193 g of steam and 600 g of water, all at 100° C) 

4. A typical backyard above-ground swimming pool has a diameter of 15 feet and a 
depth of 4 feet. (a) Find the total pressure on the bottom of the pool. (b) 
Find the total force acting on the bottom of tne pool. (c) What> is the weight 

/of the water in the pool? (d) Are, the answers to (c) and (b) different-? Why? 

/ (16.4 Ib/in^; (b) 4.17 x 10^ lb; (c) 1.10 x lo"* lb; (d) Yes) 

'5. The maximum deptn to which 'scuba divers may safely descend is usually considered 
to be about 135 feet. (a) What total pressure exists at this level? Air at 
normal atmospheric pressure is about 20% oxvr-en and 80% nitrogen. Assume that 
the volume of air breathed per breath at a depth of 135 feet is the same as 
that on the surface (sea level); also assume th^it air enters the lungs at the 
pressure of the surroundings when one is below the water. Assume a constant 
temperature. (b) Comment on the effects of breathing air at this depth -from 
a tank filled on the surface with "noriial air". 

((a) 73.2 Ib/in^ or about 5 atm; ^(b) . equivalent to breathing 10% 
oxygen at the surface) 

6. What horsepower is required to pump wate^ to a height of 20 feet and then force 
it into a 



sepower is required to pump water to a height of 20 feet and then for 
a main at a pressure of 25 Ib/in^ if 150 ft^/minute is to be pumped? 

(22.2 hp) 



V 
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CHAPTER VI 
SOUND & WAVE MOTION 



SECTI(»< 1 - BASIC WAVE PROPERTIES 

Wave motion involves the transport of energy through a medium, such 
that there is no roean displacement of the particles of t'he •faedium , 
. which vibrate about an equilibrium position ^ 

ft 

A transverse wave is a wave in which th e motion of »the particles of 
the medium i s perpendic ilar to the motion of the wave (e.g. a wave in 
a string) , producing a shape as shown below. 



Particle Motion Crest 




Trough * v . 

< 

A longitudinal wave is a wave in whiah the motion of the particles of 
the medium is paurallel to the motion of the wave (e,g, waves on a 
spring), producing a ^hape as shown below. (Sound waves are longitudinal 
w^ves.) <i 

Pa rticl^ Motion ^^^^^^^ Rarefaction '^v,^^^ wave Motion 

flnflflmnoomrtoonnnoflonooonoonnmno ' 

: ■ y / r- 

>. ' N Compression / 

Wavelength is defined as the » distcmce between successive crests - or 
troughs - (conpressions - or rarefactions - in a longitudinal wave). 
See illustration below. It is usually symbolized X * (Greek lambda) and 
measureo in meters in the metric system. 
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^ The wave speed v is the speed with which the crests and troughs (comp- 

pressions and rarefactions in A longitudinal wave) move through the 
medium . It is determined by the physi^cal properties of the medium. 

"\ . ' ,1 

The* aa^litude A of a wave is the maximum displacement of the particles 
of the medium from equilibrium positioh as the waves move through the 
medium. See illustration above. \ 



The frequency y f , of a wave is the numbSar of crests per second that 
pass' a given point in the path of the w^ve. It is determined by the 
source of waves and measured in cycles per second (cps) or hertz (Hz) . 



1 cps = 1 Hz. ^Dimensions of frequency are 1/s.) 

The period T of a wave is the time between the passage of successive 
cr ests * 

1 



T = 



4 Hz 



=\0.250 s 



The wave equation relates the variables of^ speed v, frequency f, and 
wavelength X; fbr any wave: 



V = Xf 

For example, a 20 Hz wave with a 3 m wavelength must be moving with a 
speed 

^ V = (3 m) (20 riz) = 60 Jo m/s 



LABORATORY 



■ \ 



The student should be able to directly measurfe the speed of a wave with 
appropriate length and time measuring devices^ For example, he should 
be able to use a meter stick and stopwatch tojmecLsure the speed of a 
wave on a spring, or using appropriate equipment he should be able to 
measure the speed of sound in air. He should also be able to make 
direct measurements of wavelength and frequency when^^Ehe^e are in the 
appropriate range. 



WQRKED EXA^a>IlS 



1. A sound wave with frequencjy 440 Hz travels through the air and then 
into a swimming pool. What is its wavelength in each medium if 
the speed of sound in air is 340 m/s and ii> water is 1500 m/s? 

A V 340 m/s _ ^ ^ 
In air: X = 7 = J = 0.773 m 
f 440 Hz 

V 

In water only the speed ch6mges (f determined by the source) : 

, V 1500 m/s , - - 

X = — = ■ ' — - 3.41 m 

£ 440 Hz 



ERIC 
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2. If a water wave has a wavelengtl: of 2 fit, and a speed of 5 ft/s, 
what is the period of the wave? 

T = — and ^ X ^ 



therefore 



T = - = I ll, = 0.400 s 
V 5 ft/s 



STUDENT PROBLEMS 

• - - /' 

It A sound wave with a 2 m wavelength in air {v = 340 m/si travels 
into water (v r» 1500 m/s) . What is the period of, the w^ve m 
each inedium? . ^ ' - . 

(5.88 X lo" s in both) 

2. V^ich of the wave properties, amplitude, wavelength, speed, frequency, 
, will directly affect the speed of ^ the individual vibrating particles 

of the medium? - - , , . 

' u., (amplitude & frequency) 

3. Waves are put into a stretchj^ spring by vibrating one end. They 
move dcjwn the spring with a^ Ispeed of 6 ft/s and a wavelength of 
1.5 ft. If the frequency is doubled by shaking the^^end twice as 
fastv.what will be the new wavelength and speed? 

• . ' (.750 ft; 6.00 ft/s) 



SECTION 2 - SUPERPOSITION^ STANDING WAVES, AND HARMONICS ^ 

The piriiiciple of superposition states that the displacement of a particle 
in the ^medium due to the presence of two waves at the same time is the 
sum of the displacements that each wave would produce singly. For example, 
the two waves a and b, shown below, will produce trie wave form c. 



A standing wave on a string- is a pattern of string vibration in- which 
the string vibrates in the fihar;>A of a joortiion of a wave, with gfigU i n 
points never moving and other points undergoing maxii^ oscillation, 
TWO traveling waves with the same amplitude and wavelength, traveling 
in opposite directions, .i0ill produce a standing wave. 

A node is a poirii in a standing wave that has yero displacement at all 
times. A vibrating string fixed at both ends Has nodes at its ends. 

An antinode is a point in a standing wave« that has maximuir> aroplitud^ of 
oscillation. ^ \ 

Hodes of oscillation ref^r to the various shapes or waveforms with which 
a body can vibrate. 

The fundamental mode of a string fixed at both ends is the simplest pat- 
j:em of oscillation possible. It ia shown below. 




Harmonics of a string, fixed at both ends, are the basic . ave forms with 
which th e string can vibrate. The f irst harmonic/is the fundamental 
and the others are often called overtones . The number of the harmonic 
gives the nunfcer of antinodes in the waveform. The second and third 
harmonics are shown below. A string may vibrat^ with more than one 
harmonic at a time, in #hich case its shaye is determined by the Principl 
of Superposition. 




Second Harmonic 



Third Harmonic 



tnie frequencies of hanwonics are integral multiples of the fiinflflinpntal 
frequency. If fi stands for the frequency of the fundamental, fhen 
the fr»iuency, fn/of the* nth harmonic is 

f = nf, 

For exaii«>le, if the fundanental frequency- is 220 Hz, the third harmonic 
frequehcy is 

f = 3 X 220 Hz = 660 Hz 

The string equation gives thA fundamental frequency of a string fixed 
at both ends, whose mass mJ is in kg, length L in m, and which is 
under a tension t in N. 



^1 2LV!m/L 



For exaBi>le, we may find the* fundamental frequency of a string 1 m in 
length, whose mass is 10 g knd is under a tension of 81 N. 



\ 



1 " 2(1 m)V 0.0100 kg/ 1 



m 



1^8100 Hz 



= ^/2^(90 Hz) = 45.0 Hz 



LABQRMOlOf 



The student should be able to verify the string equation for something 
like a guitar string using suspended weights, meter stick, and a fre>. 
quency determinl/ig device such as a strc^scope or an oscilloscope. 



WOIOCEP EXAMPLES 



1. Find the frequency of the fourth harmonic for an 80 g, 2m long 
string fixed at both ends and under a tensTon of 144 N. 



144 N 



^1 ' 2L^m/L 4 mV - .-.-3 



80.0 X 10 kg/2 ^511,^^^^ 



15.0 Hz 
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f, = 4f, = (4) (15.0 Hz) = 60.0 Hz 
4 1 



the strinerbelow has a fundamental freque^y of 33cQi, with 
%rtiat frequency is it vibrating as shown? 




4 antinodes n = 4 (fourth harmonic) 

f, = (4) (330 Hz) = 1320 Hz 1,32 x 10^ 

4 i ,^ 

Show the shape of the waveform on* a string if it is vibrating 
with its fundamental and second harmonic simultaneously. The ampli 
' tude of the second harmonic, is half that of the anplitude of the 
fundamental. 

Here we must sketch the two waves and roughly add them using the 
Principle of St5>erposition. 





• * 



?RDBI£IIS 



2. 



- 3, 



4. 



TDoubling, the tension on a strip^T lAxed at both ends, hag what effect 
'Oh its frequency? 

(Increased^j^ a*f actor 1,41^ 

A string 40 cm long and with/ a mass of 36 ^9 is put Under a" tension 
of 490 N. What is its fundajaental frequency? What is the f unda- 
nentAl frequency of a saaaple of the same string tjwice as, long and ^ 
under the same tension? 

*i ' ' (92.2 Hz; 46.1 Hz) " ' - 

If a string, fixed at Loth ends, is vibrating with a node at its 
center, what harmonics cannot be present? 

..r" , " (All odd harmonics) ^; 

If the fundamental fr^uehcy of a string is 200 Hz, sketch tlie har- 
monic whose frequency Is 600 Hz, ^ ' " 

Sketch the shape of a string vibrating wlt^ its fundamental and \ts 
^ third harmonic simultaneouaHy/ Jhe anplitijlde of . the dtird harmonic, 
is 1/2 the anplitude of the fundamental. ^ 



SECTION 3 - SOUWD POWER, IMTENSITY, AWD DECIBELS - 

I 

Ihe power of a wav^ or the etiergv carried per unit time . is pxSB^tiPluUL 
to the s<^ulkfe of the wave aa felitude A> ^ 

P « A . .. 

4 ' * 

For example, doubling the amplitude of a, wave increases its power by 
a factor of four. \ 



The intensity of a wave is defined as the jzfiSffiT it p^r "nft at^a. 

If P represents the power that a wave carries through an area a perpen- 
dicular to the wave motion, then intensity I is given by 



-3 



. For exaaple, a sound wave th«»t carries a power of 5 x 10 watts through 
a window of area 2 m^ has an intensity of 



I-5-2-^fi^-2.50xlO-^W/«2 
2 a 
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The inverse square law states that the intensity of a wave in space 
cr^asee as 1/d^ where d is the distance from the source. 

1 1 « 1/d^ 

100 
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Thus, doubling the distance from the source decreases the wave intensity 
. by a factor of four, 

' ^^'""^ " proportiipnal to the common lo...ri^hn. 

the tntewttY and IS a measure of loudn6ss at a single frequency. In 
decibels , the intensity level is given by 

I.L. - 10 log (I/Iq) r 

where I Is the intensity of the sound wave whose intensity level H bei^ig 
calculated, and = lo ^2 w/b,2 ig the intensity of the minimum audible 
sound. - * — 7*= ' 

For exaaple, the intensity level of the sound wave in the last example, is 
I.L. = 10 log (2.5 X lO'VlO"''-^) 
= .10 log (2.5 X 10^) 

- 10 (log 2.5 + log 10^) = lO^J^g + 9) 
= 94 dB 

♦ 

In approximate terms, a nh^nn^ »f ^k»„^ corresponds to a doubling 
of the intensity I; -3db, of course, implies* a halving of the 'intensity 
I. If the intensity level is raised by another +3 db. the intensity 
again doubles - it becomes four times what it was originally; that is, 
+6 dB implies an intensit/ four times as great; and so on. Each- succes- 
^ doubling means a change of +3db.. 

LABORATORY 

The student should be able to use a sound level meter to map out a 

pattern of intensity level from a speaker or other source. He should 

also be able, to verify the inverse square law. 

WORKED gXAMPLES 

1. If the intensity level at one position is 75 dB, what is the intensity 
level at a point twice as far from the source of sound? 

If we use subscripts 1 and 2 to represent the first and second 
positions respectively, we can write 

IL^ - IL2 » 10 logdj^/l^),- 10 log (Ij/Iq) 
: . - 10 [log(I^/I^) - logd^/l^)] 



-97 



I 



ERIC 

♦ 



- 10 log[(I^/l^)/(l2/Io)] 

ILj^ - ILj =» 10 log (^^/^2^ 

But we know IL * 75 dB and the inverse square law says (12^/12' ~ ^* 

IL - 15 db - (10 log 4) db « 75 db - 6 db » 69 dB 

2 ' . 

or using the -^t^roxination above, for a caise of cutting the intensity 
by a factor of 4 (« 2 x 2) , the intensity level goes down by 6 cfe.. 
2 X 3 db)- 

2. Obe scMmd vave produces a sound level meter reading of 60 dB. Nhat 
vould be the reading if the anplitude of the wave were multiplied 
by foiur? 

Ite may use the fonoila from the previous example • 
ILj^ - = 10 log(Ij^/l2) 



2 

Here ILj^ » 60 dB^^Ij^/12 =■ 1/16 because I « P « A 



IL^ » 60 - 10 log (1/16) 

» 60 + 10 log(16) » 60 +12 
* 72 dB 

or, using ^the approximation abb^ve, for a case of multiplying the 
M«>lt_tiide hf four (intensity up by a factor of 42 « 16) , the inten- 
sity lewl goes by (4) (3 db) « 12 db. 



1. If the "window* to your ear is 1 cm in area, urtiat power is collected 
by your ear from the minimum iRi^ble sound wave witk intensity I^? 

(lO"^^ W) 

2. Itiat is the intensity level of a sound witfi 1000 tines the inren* 
sity of the minimum audible soimd? 

(30 dB) 

3. A speaker produces a s^mid Isvel meter reading of 82 dB at a distance 
of 5 m* Mbmt would be tha reading^ if the sound power output of* the 

is doidllmd? 

(85 dB) 
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A sound level meter reads 80 dB at a point 6 m from a speaker pro- 
ducing a constant tone. How far away must the meter be moved to 
9ive a 70 dB reading, assuming no echoes and no other sources? 

(19,0 m) 

A speaker produces a sound level meter reading of 50 dB a certain 
dist£mce away. What will' be the reading three tiroes as far fronr 
tlie source if the speaker is turned up to pat out a wave with five 
times the amplitude? 

> (54.4 dB) 



lu 



1 • 
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'Ateolt^ deviation: 

«v«»9e« 6 

definition of, 6 
At»oliite ten^wature scale, 

(see Kalvin scale) 
Aecelnratlon, 24-29 

angular^ 54 

average, 24 

coikSt3st# 24 

definition of, 24 

o^ ff^eely falling body, 25 

of gravity, 25 

Acct^acy: 

definition of, 7 
lierrae precision, 7 

Ampere, 10 
JIaplitiade of a mve: 

definition of, 90 
tafttlis' acceleration, 46--47 
A a g n lg: iMnylaoewent, 45-49 

d^inition of , 45 
Aagulmr ipeleci.ty: 

aiNH^i9e, 46 

d*fiaitlon off 46 
Antlnsde, 92 

ilrcihf—dlei* principle , 74 
AtacMi^keric pressure # 60 
Jkverege absolute deviation r 6 

BexneulU's Theorwa, 85-87 
H— unic strict 

teflMition of, 59 
Vlmdk kair«76 
WeflM'M lawr 82 
•wfiney, 74-75 

d^iaitioa of, 74 

Cslatas scale, 58 
Caste (rf Muw, 49, 54 

^ yt^tiop of, 54 

(MS Calaius senile) 
OsRtrlpstal £cHros, 43-45 

At/finUUm of, '43 
ChBcv^f elsetric, 

(MS Slactrie charge) 



f 
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Charles' law, 83 
Circuits, electric, 

(see Electric circuits) 
Circuit: 

parallel, 12 

series, 12 
Circular motion uniform, 43 
Collisions, 38*41 
/ definition of: 

elastic, 38 

inelastic, 38 

partially elastic 
Conductivity, 

tbwcmal, 69 
Conservation of heat energy^ 66 
Conversion equationst 

for linear to angular motion, 46 

for teiic>erature scale, 58 
Current, 9-10 

alternating, 9 

definition of , 9 
' direct, 9 

D-cell, BMF of, 10 
Decibels, 96 
Densi^, 13<-76 

definition of, 73 

table of, 74 

of water, 73 

weight ^daniityi 
definition of, 73 
Deviation froM the mean, absolute 

definition of, 6 
Disi^iarge rate 

definition of, 85 
Distanrat 

formula for distance between two 

points, 17 

Msasurement of, 1 

Electric charge i 

dtfNjuition of, 9 

types of, 9 
Electric circuits: y 

definition of, 10 
Electrical concepts, basic, 9-16 
Electrical energy, 13 
Electrical heat, 66 



/ 
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Blectronagnetic waves, 70 
Electromotive force: 

definition of r 10 
Electron, charge of, 1(J- 
Eteissivityr 70 
Energy, 36-41 

oonMrvaticm of , 37 

deftniticm of, 36 

electrical, 13 

kinetic, (see Kinetic energy) 

potential, 36 

rotatimal, .54-57 
English systeni of ■easvbrement, 3 
EMPs neasurenent of, 10 
Equality, 

of different sets of measur^nents. 
Error: 

definition of: 
random, 5 
systematic, 5 

Fahrenheit scale, 58 
Force, 32-36,4i 

centripetal, 43 

combination r 32 

coiqponents of, 32 

dei^inition of, 32 
* Frequency r 90, 93 

of Harmonics, 93 
Fundamental harmonic, 92 

Gas Laws, 82-84 

Boyle's Law, 82 

Charles' law, 83 

Gay*Lussi^c*8 law, 82 
. General (Us law, 83 
Gatage pressure, 84 
General Gas law, 83 
Graphical representation, 17-19 

position*time plot, 17. 
Gravitation r Law of Universal, 33 
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Harmonics, 92 

frequencies of, 93 
Heat: 

capaci^, 65 
definition of, 65 
of fusion: ' ^ 
definition of, 77 
of ice, 77 
specific, 65 

transfer, (see Tremsfer of heat) 
of vaporization: 
definition of, 77 
of water, 77 
Hydraulic jack, 8^81 
Hydrodynamics, 85-8^ , 

Inertia, moment of: / 

definition of , 53 / 
Iner^^, moment of, 53-54 

formulas for objects, 53-54 / 
IR drops, 

(see voltage drops) 
Intensity, 

of a wave, 95 
IntensitsJ level, 96 
Inverse Square law, '95-96 

Kelvin scale, 58 
Kinetic energy 

definition off 37 

total, 54 

rotational, 54 

Lever arm: 

definition of, 49 
Linear e3q>an8ion» 58-59 

coefficient of , 58 

with temperature change # 58 
Linear momentum, 29-32 

conservation of, 29 

definition of, 29 
Longitudinal wave, 89 
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Mass: 

definition of, 2-4 

opera t i onal , 3^4^ 

as opposed to weighty 3 
fitean, arthmetic 

definition of, 5 
Measure^value of a quantity, 

equality of different sets 

of measurement, 6-7 

recording, 6 

versus ^rue value, 6 

Hechanical equivalent of heat, 65 
Method of mixture5/66 
Metric system, 3 
Mode: 

fundamental, 92 

of oscillation, 92 y 
Moment of Inertia > 

(see inertia, moment of) 
Momentum: ^ 

linear, 29-30 

in Newton's Second *Law, 32 



Newton's Laws of Motion, 32 

second law, .32,54 
Node, 92 

Ohm's Law, 11, 13, 66 
Overtone, 92 

Parallel circuit, 12 

Pascal's principle, 80 

Period, 90 

phase changes, 77-79 

Phases, 

of a substance, 77 
Plasma, 77 

Position: specification 

of an object, 17 
Potential difference 

(see Voltage) 
Potential Energy: 

grantational, 36-37 

definition of, 36 
Powers 

and angular motion ^ 55 

definition of, 37 

definition of electrical, 

and electrical heat^ 66 

of a wave, 95 
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Precision: 

definition of, 7 
Pressure, 79-82 

definition of, 79 

due to column of fluid, 79 
Principle of Superposition, 94 

Resistance, 

definition of ,\ 11 
formulas, 11 

as a function of temperature, 11 
measurement of, 11 
in a parallel circuit, 12 
in a seriep circuit, 12 
ten^eraturle coefficient of, 60 

Series circuit 

(see circuit) 
S:.gnificant figure: 

definition of, 1 

division cuid multiplication of, 1 
S^cific H6at, 65-68 
Specie gravity: 

deKnition of, 73 

of liquids, 73 

of solids heavier than water, 74 

table of, 74 
Speed, 19-23 >^ 

definition o^, 19 

instantaneous, 21 

slope of position-tim^ plot, 19 

of a wave, 90 
Standing wave, 12 
State equilibrum, definition, of. 
Statistics, 5-9 

(see also^ accuracy, deviation 

equality, error, mean, measure, value 

uncertainty) 
Stefan-Boltzmann constant, 70 
String equation, 93 v ' 
Superposition, principle of, 91-92 
Symbol for: 

battery, 10 

DC ammeter, 10 

DC generator, 10 

voltmeter , 10 

Temperature gradient, 69-70 
Teihperature scale, 58 

Celsius, 58 

conversion factoids » 58 

FaJ^renheit, 58 
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Kelvin, 58 
Thermal conductivity, 69 
Themistor, 62 
thermocouple, 61-62 
Thenmeter: 

bimetallic strip, 59 ' 

glass, 60 
Time 1 

Torque, 49-52, 54-55 \ 

conbixiation, 49 _ 

definition of, 49 
Transfer of heat, 68-72 

conduct ion , 68- 69 

convection, 70 

radiation, 70 
Transverse t-^ave, 89 
Torricelli's Theorem, 85 
True value versus 

measured value of a quantity, 6 
Uncertain ty: 

minimum, 7 

in a set of measurements, 6 

size of , 7 
Uniformly accelerated motion 

equations, 46-47 
Units of,;. - \ 

angular velocity, 46 

density, 73 

energy , 36 

force, 32,33 

heat, 65 \ 
linear momentum, 29 
pressure, 79 
rotational energy, 54 
torque, 49 
vreight density, 73 
%iork, 36 

Velocity, 20-23 

angular 46 

definition of, 20 
s and Newton's first Law, 32 
Voltage I 

definition of, 10 

measurement of, 10 



Voltage drops: 

definitipn of, 11 
Voltmeter, 10 / 
Volume expansion:. 

coefficient of, 59 ^ 

with temperature change, 59-60 



Wave: 
\ equation. 



90 



intensity of, 95-96 
power of, 95 
properties, 89-9.1 . 
speed, 90 



^ \standing. 
Wavelength^ 



92 



89 



73 



definition of. 
Weight, 

definition of, 3 
opposed to mass. 
Weight density: 

definition of, 

of watefr, 73 

iinits of, 73 
* %ab\e Qf , 74 ' 
Work, 38-40 

and angular acceleration 

defin?.tion of, 36 
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invol<red in movement of <iharge, 10 
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